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(PIPERlDINYLOXY)PHENYL, (PIPERIDINYLOXY)PYRIDINYL, 
(PIPERIDINYLSULFANYL)PHENyL AND 
(PIPER1DINYLSULFANYL)PYRIDINYL COMPOUNDS AS 5-HT,f AGONISTS 

5 BACKGROUND OF THE INVENTION 

Until recently, theories regarding the pathophysiology of migraine have been 
dominated since 1938 by the work of Graham and Wolff. Arch. Neurol Psychiatry, 
39:737-63, 1938. They proposed that the cause of migraine headache was vasodilatation 
of extracranial vessels. This view was supported by knowledge that ergot alkaloids and 

1 0 sumatriptan, a hydrophilic 5-HTi agonist which does not cross the blood-brain barrier, 
induce contraction of cephalic vascular smooth muscle and are effective in the treatment 
of migraine. Humphrey, et al, Ann. NY Acad. ScL, 600:587-600, 1990. Recent work by 
Moskowitz has shown, however, that the occurrence of migraine headaches is 
independent of changes in vessel diameter. Cephalalgia, 12:5-7, 1992. 

1 5 Moskowitz has proposed that currently unknown triggers for pain stimulate 

trigeminal ganglia that innervate vasculature within the cephalic tissue, giving rise to 
release of vasoactive neuropeptides from axons on the vasculature. These released 
neuropeptides then activate a series of events, a consequence of which is pain. This 
neurogenic inflammation is blocked by sumatriptan and ergot alkaloids by mechanisms 

2 0 involving 5-HT receptors, believed to be closely related to the 5-HTi d subtype, located on 
the trigeminovascular fibers. JVei/ro/ogy, 43(suppl. 3):S16-S20 1993. Sumatriptan, m 
fact, has high affinity for the S-HTjb and 5-HTid receptors, K, = 1 0.3 nM and 5.1 nM, 
respectively, which activity may be indicative of vasoconstrictive activity. Sumatriptan 
and similar compounds previously advanced for the treatment of migraine had tended to 

2 5 be selected on the basis of this vasoconstrictive activity under the premises of the prior art 

models for migraine. 

Serotonin (5-HT) exhibits diverse physiological activity mediated by at least seven 
receptor classes, the most heterogeneous of which appears to be 5-HTi . A human gene 
which expresses one of these S-HTj receptor subtypes, named 5-HT]f, was isolated by 

3 0 Kao and coworkers. Proc. Natl Acad. Sci. USA, 90:408-412, 1993. This 5-HTif 

receptor exhibits a pharmacological profile distinct from any serotonergic receptor yet 
described. It was found that sumatriptan, in addition to the above mentioned strong 
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affinities for the 5-HT,b and 5-HTid receptors, also has affinity for the 5-HT,f receptor 
subtype, with a Kj of about 23 nM. This suggests a possible role for the 5-HT,f receptor 
in migraine. 

Various 5-HT, preceptor agonists have subsequently been developed which have 
5 shown relative selectivity for the S-HTjf receptor subclass and it has been shown that 
such selectivity generally reduces the vasoconstrictive activity characteristic of other 
compounds advanced as potential agents for the treatment of migraine and associated 
disorders. 

Included among these 5-HTif receptor agonists are compounds disclosed in the 
1 0 following: 

U.S. Patents 5,708,1 87 and 5,814.653, describing a family of 6-substituted.3- 
amino(alkyl)-tetrahydrocarbazoles and 7-substituted-4- 
amino(alkyl)cycIohepta[7,6b]Indoles; 
U.S. 5,521,196, U.S. 5,721,252, U.S. 5,521,197, and WO 96/29075, describing 
^ ^ > various families of 5-substituted piperidin-3-yl-indoles and 5-substituted 

1,2,3,6 tetrahydropyridin-3-yl-indoles; 
WO 97/13512 describing a family of 5-substituted 3-aminoethylindoles; 
WO 98/46570 describing a family of 5-substituted indoles, pyrrolo[3,2- 
bjpyridines, benzofxirans, and benzothiophenes, having the 3-position 
2 ° substimted with octahydroindolizinyl, octahydro-2H-quinolizinyl, 

decahydropyrido[l,2-a]azepinyl, 1 ,2,3,5,8,8a-hexahydroindoHzinyI, 
l,3,4,6,9,9a-hexahydro-2H-quinolizinyl, or 1,4,6,7,8,9,10,10a- 
octahydropyrido[ 1 ,2-a]azepinyl; 
WO 98/20875 and WO 99/25348 describing two families of 5-substituted 
^ ^ piperidin-3-y]-azaindoles and 5-substituted 1 ,2,3,6-tetrahydropyridin-3-yl- 

azaindoles; 

WO 00/00487 describing a family of 5-substituted (piperidin-3-yl or 1,2,3,6- 

tetrahydropyridin-3-yl)indoles. azaindoles, benzofiirans, and benzothiophenes; 
WO 98/08502 describing a family of 8-substituted-l,2,3,4-tetrahydro-2- 
1 0 dibenzofiiranamines and 9-substituted-2-aminocyclohepta[b]ben2oiurans; 

WO 98/551 15 describing a family of 3-amino-l,2,3,4-tetrahydro-9H-carba2ole-6- 
carboxamides and 4-amino-]0H-cyclohepta[7,6-b]indole-7-carboxamides; 
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WO 98/15545 describing a select family of 3,5-disubstituted indoles and 
benzofurans; 

WO 00/00490 describing a family of 5-allyl-substituted (piperidin-3-yl or 1 ,2.3,6- 
tetrahydropyridin-3-yl)indoles, azaindoles, benzofurans, and benzothiophenes; 

WO 00/47559 describing a family of 4-(3-substituted-ben2oy])piperidines; 

WO 00/50426 describing a family of 3,5-disubstituted azabenzofiorans; and 

WO 00/34266 describing a family of 3-heteroaryl-5-[2-(aryl or heteroaryl)-2- 
oxoethyljindoles. 

Continued research has now surprisingly yielded a new and unexpected class of 
novel selective 5-HTif agonists having distinct chemical and receptor binding properties, 
which inhibit peptide extravasation, while avoiding significant vasoconstrictive activity, 
and are therefore useful for the treatment of migraine and other 5-HTiF receptor 
associated disorders. 

SUMMARY OF THE TWENTION 
The present invention relates to N-[3-(4-piperidiny]oxy)phenyl]amide, N-[3-(4- 
piperidinyloxy)pyridinyl]amide, N-[3-(4-piperidiny]thio)pheny]]amide and 3- N-[3-(4- 
piperidinylthio)pyridinyl]amide compounds of the general formula I: 




I; 



and pharmaceutically acceptable acid addition salts thereof, where: 
Q is oxygen or sulfini 
Xis-C(R''>or-N=; 

R' is Ci-Ce alkyl, substituted Cj-Ce alkyl, C3-C7 cycloalkyl, substituted C3-C7 
cycloalkyl, C3-C7 cycloalkyl-C-Ca alkyl, substituted C3-C7 cycloalkyl-Ci-Cs alkyl, 
phenyl, substituted phenyl, heterocycle, or substituted heterocycle; 
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R is hydrogen, C1-C3 alkyl optionally substituted with one to three fluoro, C3-C6 
cycloalkyl-Ci-Ca alkyl, or a group of fonnula n 




is hydrogen or C j -C3 alkyl; 

R"** and R"*^ are independently hydrogen, halo, or C1-C4 alkyl optionally 
substituted with one to three fluoro substituents; 

AVhen X is -C(R'**^)= R'**^ is hydrogen, halo, or C1-C4 alkyl optionally substituted 
with one to three fluoro substituents; 

R^ is hydrogen or C1-C3 alkyl optionally substituted with one to three fluoro 
substituents; 

R^ is hydrogen or C1-C3 alkyl optionally substituted with one to three fluoro 
substituents, provided that R^ may be C-Ca alkyl only when R^ is other than hydrogen; 

R is hydrogen or Ci-Ce alkyl optionally substituted with one to three halo 
substituents; and 

n is an integer from 1 to 6 inclusively. 

The present invention also relates to pharmaceutical compositions comprising a 
compound of formula I, or a pharmaceutically acceptable acid addition salt thereof, and a 
pharmaceutically acceptable carrier, diluent, or excipient. In another embodiment, the 
present invention relates to pharmaceutical compositions adapted for the activation of 
5«HTiF receptors, for the inhibition of neuronal protein extravasation, and/or for the 
treatment or prevention of migraine in mammals, particularly humans, containing a 
compound of formula I, or a pharmaceutically acceptable acid addition salt thereof, and a 
pharmaceutically acceptable carrier, diluent, or excipient. 

In addition, the present invention relates to a method for activating 5-HT]f 
receptors in mammals, particularly humans, comprising administering to a mammal in 
need of such activation an effective amount of a compound of fomiula I, or a 
pharmaceutically acceptable acid addition salt thereof. 
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Moreover, the present invention relates to a method for inhibiting neuronal protein 
extravasation in mammals, particularly humans, comprising administering to a mammal 
in need of such inhibition an effective amount of a compound of formula I, or a 
phamiaceutically accqjtable acid addition salt thereof. 

Additionally, the present invention relates to a method for treating or preventing 
migraine in mammals, particularly humans, comprising administering to a mammal in 
need of such treatment or prevention, an effective amount of a compound of formula I, or 
a pharmaceutically acceptable acid addition salt thereof 

Another aspect of the present invention relates to the use of a compound of 
formula I as a medicament, and in particular a medicament adapted for the activation of 
5-HT,F receptors, for the inhibition of neuronal protein extravasation, and/or for the 
treatment or prevention of migraine in mammals, particulariy humans. That is to say, the 
present invention relates to the use of a compound of formula I for the activation of 5- 
HT,F receptors, for the inhibition of neuronal protein extravasation, and/or for the 
treatment or prevention of migraine in mammals, particularly in humans. 

Additionally, the present invention relates to the use of one or more compounds of 
formula I in the manufacture of a medicament for the activation of 5-HTif receptors, for 
the inhibition of neuronal protein extravasation, and/or for the treatment or prevention of 
migraine in mammals, particularly in hxmians. 

Furthermore, the present invention provides for methods for the treatment and/or 
prevention of S-HTjF-mediated disorders comprising administering to a mammal in need 
of such treatment or prevention, particularly a human, an effective amount of a compound 
of formula I, or a phannaceutically acceptable acid addition salt thereof hi prefeired 
embodiments, the 5-HT,F-mediated disorder is neuronal protein extravasation and/or 
migraine. 



DF.TATT F D DESCRIPTION OF THE INVRNTTON 
One embodiment of the present invention is a method for increasing activation of 
5-HTiF receptors, while avoiding vasoconstrictive activity, for treating a variety of 
disorders that have been linked to decreased neuroti^smission of serotonin in mammals. 
In preferred embodiments, the mammal to be treated by the administration of compounds 
of this invention is human, hicluded among these disorders are migraine, general pain, 
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trigeminal neuralgia, dental pain or temperomandibular joint dysfiinction pain, anxiety, 
general anxiety disorder, panic disorder, depression, disorders of sleep, chronic fatigue 
syndrome, premenstrual syndrome or late luteal phase syndrome, post-traumatic 
syndrome, memory loss, dementia including dementia of aging, social phobia, autism, 
5 attention deficit hyperactivity disorder, disruptive behavior disorders, impulse control 
disorders, borderline personality disorder, obsessive compulsive disorder, premature 
ejaculation, erectile dysfunction, bulimia,, anorexia nervosa, alcoholism, tobacco abuse, 
mutism, and trichotillomania. The compounds of this invention are also useful as a 
prophylactic treatment for migraine. Any of these methods employ a compound of 
10 fomiulal. 

hi those instances where the disorders which can be treated by serotonin agonists 
are known by established and accepted classifications, their classifications can be found in 
various sources. For example, at present, the fourth edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-IV™) (1994, American Psychiatric 
15 Association, Washington, D.C.), provides a diagnostic tool for identifying many of the 
disorders described herein. Also, the hitemational Classification of Diseases, Tenth 
Revision (ICD-10), provides classifications for many of the disorders described herein. 
The skilled artisan will recognize that there are altemative nomenclatures, nosologies, and 
classification systems for disorders described herein, including those as described in the 
2 0 DSM-IV and ICD- 1 0, and that terminology and classification systems evolve with 
medical scientific progress. 

The use of a compound of formula I for the activation of the 5-HTjf receptor, for 
the inhibition of neuronal peptide extravasation, in general or due to stimulation of the 
trigeminal ganglia specifically, and/or for the treatment of any of the disorders described 
25 above, are all embodiments of the present invention. 

Likewise, the use of a compound of formula I, or a combination of more than one 
compound of formula I, in the manufacture of a medicament for the activation of the 
5-HTiF receptor, for the inhibition of neuronal peptide extravasation, in general or due to 
stimulation of the trigeminal ganglia specifically, and/or for the treatment of any of the 
30 disorders described above, are also all embodiments of the present invention. 

The general chemical terms used throughout have their usual meanings. For 
example, the term alky] refers to a branched or unbranched saturated hydrocarbon group. 
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The term "w-alkyl" refers to an unbranched alkyl group. By way of illustration, but 
without limitation, the term "Ci-Cj alkyl" refers to methyl and ethyl. The term "C1-C3 n- 
alkyl" refers to methyl, ethyl, and propyl. The term "C1-C3 alkyl" refers to methyl, ethyl, 
propyl, and isopropyl. The term "C,-C4 w-alkyl" refers to methyl, ethyl, n-propyl, and n- 
butyl. The term "C1-C4 alkyl" refers to methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, 
jec-butyl, and tert-butyl. The term "Ci-Ce alkyl" refers to all branched and unbranched 
alkyl groups having from one to six carbon atoms. The term "C3-C6 alkyl" refers to all 
branched and unbranched alkyl groups having from three to six carbon atoms. The term 
"C3-C6 cycloalkyl" refers to cyclopropyl, cyclobutyl, cyclopentyl, and cyclohexyl. The 
term "C3-C7 cycloalkyl" also includes cycloheptyl. Cycloalkylalkyl refers to a cycloalkyl 
moiety linked through an alkyl linker chain, as for example, but without limitation, 
cyclopropyhnethyl, cyclopropylethyl, cyclopropylpropyl, cyclobutylmethyl, 
cyclobutylethyl, cyclobutylpropyl, cyclopentyknethyl, cyclopentylethyl, 
cyclopentylpropyl, cyclohexylmethyl, cyclohexylethyl, and cyclohexylpropyl, all ofwhich 
may bereferred to as Cs-Ce cycloalkyl C-Cs alkyl. C3-C7 cycloalkyl Ci-Cs alkyl would 
also include cycloheptylmethyl, cycloheptylethyl,and cycloheptylpropyl. Each alkyl, 
cycloalkyl, and cycloalkylalkyl group maybe optionally substituted as provided for 
. - herein . _ _ 

The terms "alkoxy", "phenyloxy", "benzoxy" and "pyrimidinyloxy" refer to an 
alkyl group, phenyl group, benzyl group, or pyrimidinyl group, respectively, each 
optionally substituted as provided for herein, that is bonded through an oxygen atom. 

The terms "alkylthio", "phenylthio", and "benzylthio" refer to an alkyl group, 
phenyl group, or benzyl group, respectively, each optionally substituted as provided for 
herein, that is bonded through a sulfur atom. 

The term "C1-C4 acyl" refers to a formyl group or a C1-C3 alkyl group bonded 
through a carbonyl moiety. The term "C1-C4 alkoxycarbonyl" refers to a C1-C4 alkoxy 
group bonded through a carbonyl moiety. 

The term "halo" refers to fluoro, chloro, bromo, or iodo. Preferred halo groups are 
fluoro, chloro, and bromo. More preferred halo groups are fluoro and chloro. 

The term "heterocycle" is taken to mean a saturated or unsaturated 5- or 6- 
membered ring containing from 1 to 3 heteroatoms selected from nitrogen, oxygen and 
sulfur, said ring optionally being benzofused. Exemplary heterocycles, for the purposes 
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of the present invention, include luranyl, thiophenyl, pyrrolyi, pyirolidinyl, pyridinyl, N- 
methylpyiTolyl, oxazolyl, isoxazolyl, pyrazolyl, imidazolyl, triazolyl, oxadiazolyl, 
thiadiazolyl, thiazolyl, thiazolidinyl, N-acetylthiazobdinyl, pyrimidinyl, pyrazinyl, 
pyridazinyl, and the like. Benzofiised heterocyclic rings include isoquinolinyl, 
benzoxazolyl, benzodioxolyl, benzolhiazolyl, quinolinyl, benzofuranyl, benzothiophenyl. 
indolyl, and the like, all of which may be optionally substituted which also includes 
optionally substituted on the benzo ring when the heterocycle is benzofiised. 

In one embodiment, preferred heterocycles include pyridinyl, indolyl, fiiranyl, 
benzofuranyl. thiophenyl, benzodioxolyl, and thiazolidinyl, all of which may be optionally 
substituted. . 

In yet another embodiment, preferred heterocycles include pyridinyl and 
thiophenyl. 

Substituted alkyl, cycloalkyl, cycloalkylalkyl, alkoxy, or alkylthio, means an alkyl, 
cycloalkyl, cycloalkylalkyl. alkoxy, or alkythio group, respectively, substituted one or 
more times independently with a substituent selected from the group consisting of halo, 
hydroxy, and C-Cs alkoxy. By way of illustration, but without limitation, examples 
include trifluoromethyl, pentafluoroethyl, 5-fluoro-2-bromopentyl, 3-hydroxypropyloxy, 
4-hydroxycyclohexy]Qxy,^-bromoethylthio,. 3.-e.thoxyprQpyJoxy^ 3-ethoxy-4r 
chlorocyclohexyl, and the like. Preferred substitutions include substitution 1-5 times with 
halo, each independently selected, or substituted 1-3 times with halo and 1-2 times 
independently with a group selected from hydroxy and C1-C3 alkoxy, or substituted 1-3 
times independently with a group selected from hydroxy and C-Cs alkoxy, provided that 
no more than one hydroxy and/or alkoxy substituent may bje attached through the same 
carbon. 

The terms "substituted phenyl" and "substituted heterocycle" are taken to mean 
that the cyclic moiety in either case is substituted with one or more halo substituents, 
preferably one to five, each independently selected; or substituted with one or more 
substituents, preferably one to two substituents, independenUy selected from the group 
consisting of halo, €,-€4 alkyl, C-C* alkoxy, C-C^ alkylthio, cyano, and nitro, wherein 
each alkyl, alkoxy and alkylthio substituent can be further substituted independently with 
C1-C2 alkoxy or with one to five halo groups selected fix>m fluoro and chloro; or 
substituted with one substituent selected from the group consisting of phenyloxy, 



8 



wo 2004/094380 



PCT/US2004/009283 



benzyloxy, phenylthio, benzylthio, and pyrimidinyloxy, wherein tbe phenyloxy, 
benzyloxy, phenylthio, benzylthio, and pyrimidinyloxy moiety can be further substituted 
with one to two substituents selected from the group consisting of halo, CrCa alkyl, and 
C3-C2 alkoxy; or substituted with one substituent selected from the group consisting of 
C]-C4 acyl and C1-C4 alkoxycarbonyl, and further substituted with zero to one substituent 
selected from the group consisting of halo, C1-C4 alkyl, C^^Ca alkoxy, and C1-C4 
alkylthio. When a substituent is halo, preferred halo groups are fluoro, chloro, and 
bromo. 

In another embodiment, preferred substitutions for "substituted phenyl" and 
"substituted heterocycle" include substitution with one or more halo substituents, 
preferably one to five, each independently selected; or substituted with one or more 
substituents, preferably one to two substituents, independently selected from the group 
consisting of halo, C^^Ca alkyl, C1.C4 alkoxy, cyano, and nitro, wherein each alkyl and 
alkoxy substituent can be further substituted independe^ly with one to five halo groups 
selected from fluoro and chloro. 

The terms "gem-", "geminal", or "geminate" refer to two identical substituents 
bonded to a common carbon atom, as for example, but without limitation, gem-methyl, 
meaning two methyl groups bound to a common carbon atom, as for instance in a 2,2- 
dimethylpiperinyl group or a 3,3-dimethylpiperinyl group. 

Abbreviations used herein are defined as follows: 

BINAP means 2,2'-bis(diphenylphosphino)-l,rbinaphthyl. 

Collidine means trimethylpyridine. 

DMF means N,N-dimethylformamide. 

DMSO means dimethylsulfoxide. 

FMOC means a 9-fluorenylmethoxycarbonyl moiety. 

HATU means 0-(7-A2aben2otriazol-l-yl)-N,N,N%N'-tetramethyluronium 
hexafluorophosphate. 

MTBE means methyl Nbutyl ether. 
NMP means N-methyl-2-pyrrolidinone 
Pd2(dba)3 means tris(dibenzylidineacetone)-dipalladium(0). 
sex column or cartridge, as used herein, refers to a Varian Bond Blute® silca 
based strong cation exchange resin column or disposable cartridge. 
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t-Boc means a /ert-butoxycarbonyl moiety. 
THF means tetrahydrofuran. 

The tenn "amino protecting group" as used in this specification refers to a 
substituent commonly employed to block or protect the amino functionality while reacting 
other fiinctional groups on Ae compound. Examples of such amino-protecting groups 
include the formyl group, the trityl group, the phthalimido group, the acetyl group, the 
trichloroacetyl group, the chloroacetyl, bromoacetyl, and iodoacetyl groups, urethane-type 
blocking groups such as benzyloxycarbonyl, 9-fluorenylmethoxycarbonyl ("FMOC"), i- 
butoxycarbonyl (t-BOC), and the like; and like amino protecting groups. The species of 
amino protecting group employed is not critical so long as the derivatized amino group is 
stable to the conditions of subsequent reactions on other positions of the molecule and can 
be removed at the appropriate point without disrupting the remainder of the molecule. 
The selection and use (addition and subsequent removal) of amino protecting groups is 
well within the ordinary skill of the art. Further examples of groups referred to by the 
above terms are described by T.W. Greene and P. G. M. Wuts, "Protective Groups in 
Organic Synthesis", 3"* edition, John Wiley and Sons, New York, NY, 1999, chapter 7, 
hereafter referred to as "Greene". 

The term "pharmaceutical" or "pharmaceutically acceptable" when used herein as 

an adjective, means substantially non-toxic and substantially non-deleterious to the 
recipient. 

By "pharmaceutical composition" it is further meant that the carrier, solvent, 
excipients and salt must be compatible with the active ingredient of the composition (e.g. 
a compound of formula I). It is understood by those of ordinary skill in this art that the 
terms "pharmaceutical formulation" and "pharmaceutical composition" are generally 
interchangeable, and they are so used for the purposes of this application. 

The term "acid addition salt" refers to a salt of a compound prepared by reaction 
of the compound with a mineral or organic acid. The compounds of the present invention 
form pharmaceutically acceptable acid addition salts with a wide variety of organic and 
inorganic acids and include the physiologically acceptable salts which are often used in 
pharmaceutical chemistry. Such salts are also part of this invention. A "phaimaceutically- 
accqjtable (acid) addition salt" is formed fi-om a pharmaceutically-acceptable acid as is 
well known in the art. Such salts include the pharmaceutically acceptable salts 
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exemplified in Berge, S.M, Bighley, L.D., and Monkhoxise, D.C., J. Pharm, ScL, 66:1, 
(1977), which are well known to those skilled in the art. 

The pharmaceutically acceptable acid addition salts of the invention 
are typically formed by reacting a compound of formula I with an equimolar or excess 
5 amount of acid. Alternatively, some compounds may form hemi-salts by reacting the 
compound with the desired acid in a 2:1 ratio, compound to acid. 

hiorganic acids commonly employed to form such salts include hydrochloric acid, 
hydrobromic acid, hydroiodic acid, sulfuric acid, phosphoric acid, and the like. Organic 
acids commonly employed to form such sahs include E-toluenesulfonic acid, 
10 methanesulfonic acid, oxalic acid, p-bromophenylsulfonic acid, carbonic acid, succinic 
acid, citric acid, benzoic acid, acetic acid and the like. Examples of such 
pharmaceutically acceptable salts thus are the sulfate, pyrosulfate, bisulfate, sulfite, 
bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate, metaphosphate, 
pyrophosphate, chloride, bromide, iodide, acetate, propionate, decanoate, caprylate, 
15 acrylate, formate, isobutyrate, caproate, heptanoate, propiolate, oxalate, malonate, 
succinate, hemi succinate, suberate, sebacate, fiimarate, maleate, butyne-l,4-dioate, 
hexyne-l,6-dioate, benzoate, chlorobenzoate, methylbenzoate, dinitrobenzoate, 
hydroxybenzaate,.mfithQxybenzoate^ phthalate.,. sulfonate,. xylenesulfonate, phenylacetate, 
phenylpropionate, phenylbutyrate, citrate, lactate, P-hydroxybutyrate, glycollate, tartrate, 

2 0 methanesulfonate, propanesulfonate, naphthalene-l-sulfonate, naphthalene-2-sulfonate, 

mandelate and the like. 

The term "effective amount" means an amount of a compound of formula I which 
is capable of activating 5-HTif receptors and/or inhibiting neuronal protein extravasation. 
It is understood that compounds of the present invention may exist as stereoisomers. As 
25 such, all enantiomers, diastereomers, and mixtures thereof, are included within the scope 
of the present invention. Where specific stereochemistries are identified in this 
application, the Cahn-Prelog-Ingold designations of (R)- and (S)- and the cis and trans 
designation of relative stereochemistry are used to refer to specific isomers and relative 
stereochemistry. In addition, arbitrary designations of "cw isomer V\ '^cis isomer 2", 

3 0 ''trans isomer 1", or ''trans isomer 2" are used to distinguish resolved stereoisomers of 

compounds having two chiral centers with known cis or trans configurations, but for 
which the absolute stereochemistry has not been determined (i.e. it is unknown whether 
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the specific compound is the (R,R) or (S,S) cis isomer, or the (R,S) or (S^) trans 
isomer). While all enantiomers, diastereomers, and mixtures thereof, are contemplated 
within the present invention, preferred embodiments are single enantiomers and single 
diastereomers. 

While all of the compounds of the present invention are useful as 5-HT]f agonists, 
certain classes are preferred, as for example, compounds having any of the following 
enumerated selections of substituents: Compounds wherein 

1) is phenyl, substituted phenyl, heterocycle, or substituted heterocycle; 

2) is substituted phenyl; 

3) R' is mono- or di- substituted phenyl wherein the substituents are 
independently selected from halo, C1-C4 alkyl, Cj-Ca alkoxy, 
trifluoromethyl, trifluoromethoxy, trifluoroethoxy, phenyloxy, benzyloxy, 
cyano, and nitro; 

4) R' is mono- or di- substituted phenyl wherein the substituents are 
independently selected from halo, C1-C2 alkoxy, trifluoromethyl, 
trifluoromethoxy, and trifluoroethoxy; 

5) R^ is mono- or di-substituted phenyl wherein the substituents are 
independently selected from halo, trifluoromethyl, and trifluoromethoxy; 

6) R^ is mono-, di- or tri-halo substituted phenyl; 

7) R^ is heterocycle or substituted heterocycle; 

8) R' is heterocycle or substituted heterocycle wherein the heterocycle is 
selected from the group consisting of furanyl, thiophenyl, pyrrolyl, 
pyrrohdinyl, pyridinyl, N-methylpyrrolyl, oxazolyl, isoxazolyl, pyrazolyl, 
imidazolyl, triazolyl, oxadiazolyl, thiadiazolyl, thiazolyl, fliiazolidinyl, N- 
acetylthiazolidinyl, pyrimidinyl, pyrazinyl, pyridazinyl, isoquinolinyl, 
benzoxazolyl, benzodioxolyl, benzothiazolyl, quinolinyl, benzofuranyl, 
benzothiophenyl, indolyl; 

9) R^ is a substituted or unsubstituted heterocycle wherein the heterocycle is 
selected from the group consisting of pyridinyl, indolyl, benzoftiranyl, 
furanyl, thiophenyl, benzodioxolyl, and thiazolidinyl; 

10) R' is a substituted or unsubstituted heterocycle wherem the heterocycle is 
selected from the group consisting of pyridinyl and thiophenyl; 
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11) R4s mono-, di-, or tri- halo-substituted heterocycle, each halo group being 
independently selected; 

12) is mono- or di- substituted heterocycle, wherein one of the substituents is 
selected from the group consisting of C1-C2 alkoxy, phenoxy, and 
phenylthio; 

13) is mono-substituted heterocycle, wherein the substituents is halo or nitro; 

14) R^ is mono-halo substituted heterocycle; 

15) R' is unsubstituted heterocycle; 

1 6) R^ is hydrogen or Ci -C3 alkyl; 

1 7) R^ is hydrogen or methyl; 

1 8) R^ is pyrazolylalkyl or N-substituted pyrazolylalkyl; 

1 9) R^ is pyrazol-4-yl-ethyl; 

20) r2 is 1 -(Ci -C3 alkyl)pyrazol-4-yl-ethyl; 

21) RMs hydrogen; 

22) R^ is methyl; 

23) R^ is ethyl; 

24) R'^^ R'^*', and R'*^ if present, are each hydrogen; 

— ^i5)_OJlaQlR^^Rl^.or Rllif present, is halo; 

26) One of R^', R"^^, or R^^^ if present, is fluoro or chloro; 

27) One of R^^ or R^^ if present, is CrCa alkyl; 

28) R^ is hydrogen; 

29) R^ is C]-C3 alkyl; 

30) R^ is methyl; 

31) R^ is hydrogen; 

32) R^ is methyl; 

33) R^ is gem relative to R^; 

34) R^ is gem-methyl relative to R^; 

35) R^ is methyl and R^ are gem-methyl relative to R^; 

36) R^ is hydrogen or methyl, R^^ R^^ and R^*^ if present, are hydrogen or 
halogen, R^ is hydrogen or methyl, and R^ is hydrogen or gem-methyl with 
toR^; 
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37) is hydrogen or methyl, R^*', R*"^ and R'^ if present, are each hydrogen, R' 
is hydrogen or methyl, and R^ is hydrogen; 

38) R^ is hydrogen or C1-C3 alkyl, R^ is hydrogen or methyl, R"', R^^ and R'^ if 
present, are each hydrogen or halogen, R' is hydrogen or methyl, and R* is 
hydrogen or gem-methyl with to R^; 

39) R^ is hydrogen or €,-€3 alkyl, R^ is hydrogen or methyl, R"", R''\ and R^^ if 
present, are each hydrogen, R' is hydrogen or methyl, and R^ is hydrogen; 

40) r2 is hydrogen or methyl, and R^ R'\ R''^ R*= if present, and R^ are each 
hydrogen; 

41) r2 is hydrogen or methyl, and R^ is methyl, and R^\ R*^ R'"= if present, and 

are each hydrogen 

42) R' is mono-, di-, or tri-substituted phenyl wherein the substituents are 
independently selected fixim halo, C-Cj alkoxy, trifluoromethyl, 
trifluoromethoxy, and trifluoroethoxy, is hydrogen or methyl, and R^, 
R''^, R''^ R'^ if present, and R^ are each hydrogen; 

43) R' is a substituted or unsubstituted heterocycle selected from the group 
consisting of pyridinyl, indolyl, benzofuranyl, fiiranyl, thiophenyl, 

henzodioxoLyl,.and_fliiazolidinyJ,JRiiaiiydrogen Qr.inethyl, andR3, r"',. 

j^4b^ j^4c present, and R^ are each hydrogen; 

44) R' is mono-, di-, or tri-substituted phenyl wherein the substituents are 
independently selected from halo, R^ is hydrogen or methyl, and R^ R''", 
R , R"*" if present, and R^ are each hydrogen; 

45) the compound is an acid addition salt; 

It will be understood that the above classes maybe combined to form additional 
preferred classes, as for example the combination of preferred selections for two or more 
substituents. Illusfrative examples of combinations of preferred classes fonning 
additional preferred classes are: 

46) the combination of any one of preferred classes 1 0) through 1 5) with 
preferred class 8); 

47) the combination of any one of preferred classes 1 0) through 1 5) with 
preferred class 9); 
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48) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
with preferred class 1 6); 

49) the combination of any one of preferred classes 1) through 1 5), 46), or 
47) with preferred class 17); 

50) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
with preferred class 21); 

51) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
with preferred class 22); 

52) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
with preferred class 24); 

53) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
with preferred class 26); 

54) the combination of any one of preferred classes 1) through 15), 46), or 47) 
with preferred class 27); 

55) the combination of any one of preferred classes 1) through 15), 46), or 47) 
with preferred class 28); 

56) the combination of any one of preferred classes 1) through 1 5), 46), or 47) 
>with preferred class 30) and 31);. 

57) the combination of any one of preferred classes 1) through 15), 46), or 47) 
with preferred class 30) and 32); 

58) the combination of any one of preferred classes 1) through 15), 46), or 47) 
with preferred class 30) and 34); 

59) the combination of preferred classes 48) with preferred class 21); 

60) the combination of preferred classes 48) with preferred class 22); 

61) the combination of preferred classes 49) with preferred class 21); 

62) the combination of preferred classes 49) with preferred class 22); 

63) the combination of any one of preferred classes 59) through 62) with 
preferred class 24) and 28); 

64) the combination of any one of preferred classes 59) through 62) with 
preferred class 26) and 28); 

65) the combination of any one of preferred classes 59) through 62) with 
preferred class 27) and 28); 
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66) the combination of any one of preferred classes 59) through 62) with 
preferred class 24), 30), and 31); 

67) the combination of any one of preferred classes 59) through 62) with 
preferred class 26), 30), and 3 1); 

68) the combination of any one of preferred classes 59) through 62) with 
preferred class 27), 30), and 3 1); 

69) the combination of any one of preferred classes 59) through 62) with 
preferred class 24), 30), and 32); 

70) the combination of any one of preferred classes 59) through 62) with 
preferred class 26), 30), and 32); 

71) the combination of any one of preferred classes 59) through 62) with 
preferred class 27), 30), and 32); 

72) the combination of any one of preferred classes 59) through 62) with 
preferred class 24), 30), and 34); 

71) the combination of any one of preferred classes 59) through 62) with 
preferred class 26), 30), and 34); 

72) the combination of any one of preferred classes 59) through 62) with 
preferred class.27.), 3D),, and 34). 

In addition to those compounds presented in the examples, the following 
compounds further illustrate the scope of the present invention: 



1) 
2) 



N-[3-(l-methyl-piperidin-4-y]oxy)-phenyI]-2-furancarboxamide; 
N-[3-(l-methyl-piperidin-4-yloxy)-pyridinyl].2-fur^carboxamide; 

3) N-[3-(l-methyl-piperidin-4-yloxy)-pyridinyl].3-furancarboxamidei 

4) N-[3-(piperidin-4-y]oxy)-phenyl]-3-chloro-2-furBncarboxamide; 

5) N-[3-(l-methy]-pipendin-4-y]oxy)-phenyl].2-pym>lecarboxamide; 

6) N-[3-(l-ethy]-piperidin-4-y]oxy)-pyridinyl].2.pyrrolecarboxamide; 

7) N-[3-(l -methy]-piperidin-4-yloxy)-phenyl]-4-fluoro-2- 
pyrrolecarboxamide; 

8) N-f3-(Piperidin-4-y]oxy)-phenyl]-3-pyrrolecaitoxamide; 

9) 2.4.6-Trifluoro-N-[4-methyl-3-(l-methyl.piperidin-4-yloxy)-phenyl]- 
benzamide 
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1 0) N-[3K1 -Ethyl-piperidin-4.y]oxy)-4-methy]-phenyl]-2,4,6-trifluoro- 
benzamide 

1 1 ) 2-Chloro-4-fluoro-N-inethyl-N-[6-( 1 -inethyl-piperidin-4-y]oxy>pyridin-2- 
yl]-benzamide 

12) 2-Chloro-6-fluoro-N-methyl-N-[6-(l-methyl-piperidm-4-y]oxy)-pyridin-2- 
yl]-benzamide 

13) 2-Chloro-N-[6-(l-ethyl-piperidin-4-yloxy)-pyridin-2-yl]-4-fluoro--N- 
methyl-benzamide 

14) 2-Ch]oro-N-[6-(l-ethyl-piperidin-4-yloxy)-pyridin-2-yl]-4'fluoro- 
benzamide 

1 5) 2-Ch]oro-N-[6-(l -ethyl-piperidin-4-yloxy)-pyridin-2-yl]-6-fluoro- 
benzamide 

1 6) 2-Ch]oro-4-fluoro-N-[6-(l -propyl-piperidiii-4-yloxy)-pyridm-2-yl]- 
benzamide 

17) N-[6-(l-Cyclopropylmethyl-piperidin-4-yloxy)-pyridm-2-yl]-2,4,6- 
trifluoro-benzamide 

1 8) N-[6-(l -Cyclopropylmethyl-piperidin-4-yloxy)-pyridiii-2-yl]-2,6-difluoro- 
-.benzamide. 

1 9) 2,4,6-Trifluoro-N-[3-( 1 ,2,3-trimethyl-piperidm-4-yloxy)-phenylJ- 
benzamide 

20) 2,4,6-Trifluoro-N-[6-(l,23-trimethyUpiperidin-4-yloxy)-pyridin-2"yy 
benzamide 

21) 2,4,6.Trifluoro-N-[3-(I,2,3-trimethyl-piperidin-4-y]sulfanyl).^^ 
benzamide 

22) 2,4,6-Trifluoro-N-[6-(1.2,3-trimediyl-piperidin-4-ylsu]fanyl)-pyri^ 
benzamide 

23) 2-Chloro-4-fluoro-N-[2-fluoro-3-( 1 -methyl-piperidin-4-ylsulfanyl)- 
phenyl] -benzamide 

24) 2-Chloro-4-fluoro-N-[2-fluoro-3-.(I-methyl-piperidin-4.yloxy)-phenyl]- 
benzamide 

25) 2-Chloro-4-fluoro-N-[3-(l-methyl-piperidin-4.yloxy).2-trifluoromethyl- 
phenylj-benzamide 
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26) 2-Chloro-4-fluoro-N-[3-(l-methyl-piperidm-4-ylsulfanyl)-2- 
trifluoromethyl-phenylj-benzamide 

27) 2-Ch]oro-N-[3-(l,4-dimethyl-piperidin-4-y]oxy)-'phenylJ-4-fluoro- 
benzamide 

28) 2-Chloro-N-[6-(l,4-dimethyl-piperidin-4-yloxy)-pyridin-2-yl]-4-fluoro- 
benzamide 

29) 2,4,6-Trifluoro-N-[3-(l,2,3-triniethyl-piperidin-4-ylsulfanyl)-phenyl]- 
benzamide 

30) N-[3-(l,2-.Diniethyl-piperidin-4-ylsulfany]).phenyl]-2,4,6-trifluoro- 
benzamide 

3 1) N-[3-(l ,3-Dimethy]-piperidin-4-ylsulfanyl)-phenyl]-2,4,6-trifluoro- 
benzamide 

32) 2-Ch]oro-N-[2,5-difluoro-3-( 1 -methyl-piperidin-4-y]oxy)-phenyl]- 
benzamide 

33) 2-Chloro-N-[2,5-difluoro-3-(l-niethyl-piperidin-4-y]sulfanyl)-phenyl]- 
benzamide 

34) 2-Ch]oro-N-[3-(l,4-dimethyl-piperidin-4-y]su]fany])-pheny]]-ben2amide 

35) 2-Ch]oro-N-[3-(2-ethyl- 1 ■niethyl-piperidin-4-y]oxy)-phenyl]-benzainide 

36) N-[6-(l,3-Dimethyl-piperidin-4-ylsulfanyl)-pyridin-2-yl]-2,4,6.triflu^^^ 
benzamide 

37) N-[6-(l,3-Dimethyl-piperidin-4-yl5ulfanyl)-pyridin-2-yl]-4-fluoro- 
benzamide 

38) N-[6-(l,2-Dimethyl-piperidin-4-ylsulfany])-pyridin-2-yl]-2,4,6-trifluoro- 
benzamide 

39) 2-Chloro-N-[6-.(l,2-dimethyl-piperidin^-ylsulfanyl)-pyridin-2-y]]-6- 
fluoro-benzamide 

40) 2-Chloro-6-fluoro-N-[3-(2-methyl-piperidin-4-yIsulfanyl)-phenyl]- 
benzamide 

41) 2,4,6.Trifluoro-N.[6-(2-methyl-piperidin-4-ylsulfanyl)-pyridin-2-yl]- 
benzamide 

42) N-[6-(2,3-Dimethyl-piperidin-4-ylsulfanyl).pyridin.2.yl].2,4,6-trifluoro- 
benzamide 
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The compounds of the present invention maybe synthesized through a 
condensation of the desired l,3-dihaloben2ene or 2,6-dihalopyridine with the appropriate 
N-protected or N-substituted 4-hydroxypiperidine or piperidine-4-thio], followed by 
amine substitution of the remaining phenyl or pyridinyl halogen and amide formation with 
an appropriate R^-acylchloride (see Schemes 1-4). Suitable reaction conditions for the 
steps of these schemes are well known in the art and appropriate substitutions of solvents 
and co-reagents are within the skill of the art. Likewise, it will be appreciated by those 
skilled in the art that synthetic intermediates may by isolated and/or purified by various 
well known techniques as needed or desired, and that fi-equently, it will be possible to use 
various intermediates directly in subsequent synthetic steps with little or no purification. 
All substituents, unless otherwise indicated, are as previously defined, and all reagents are 
well known and appreciated in the art. (Piperidinyloxy)phenyl compounds of the present 
invention can be synthesized according to Scheme 1 : 



Scheme 1 : 




where R^"^ are as defined above; and is C1-C3 alkyl optionally substituted with 
one to three fluoro, Ca-Q cycloalkyl-C rCa alkyl, or a group of formula II 
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or an amino protecting group. 

Typically the appropriate N-substitued or N-protected piperidin-4-ol in a suitable 
solvent, such as DMF, DMSO, NMP, and the like, is added to a suspension of sodium 
hydride, and heated, as for example, between about ambient temperature to about 1 OO'C, 
preferably at about 50'C, typically for about 30-90 minutes, say about 45 minutes. 1- 
bromo-S-fluorobenzene is then added and allowed to react for several hours to overnight 
at about ambient to lOO'C, preferably at about 65'C. The reaction is quenched, as for 
example by the addition of water or other suitable means. The 3-bromophenOxy-4- 
piperidine intermediate may be worked up by common procedures, as for example, 
solvent removal, extraction procedures, and/or further purification by chromatography, 
etc. 

Next, the bromophenoxyp^eridine intermediate is aminated at the benzo 3- 
position, as for example, by reacting the intermediate with (±)BiNAP, Pd2(dba)3, 
benzhydiylideneamine, and sodium tertbutoxide in a suitable solvent, such as toluene or 
the like, under an inrat atmosphere for about 1 to about 3 hrs., say about 2 hours, at about 
50*C to lOO'C, say about 80-C. The resulting 3-(piperidin-4-yloxy)-phenylamine 
intermediate may then be isolated and purified by common procedures such as, but not 
limited to, solvent removal, extraction, and/or chromatography, etc. 

Compounds wherein is hydrogen can then be synthesized by condensation with 
the desired R'-acylchloride. Typically, an appropriate 3-(piperidin-4-y]oxy)-phenylamine 
intermediate is reacted with an appropriate R'-acylchloride, in an appropriate solvent, 
such as dioxane, pyridine, DMF, or the like, at between about ambient temperature and 
about lOO'C, preferably between about 50*C and about lOO'C, until the reaction is 
complete, as for example, between about 1 hr. and about 4 hrs., say about 2 hrs. The 
reaction is then quenched by addition of an acid and the final product purified by normal 
work-up procedures. 



20 



wo 2004/094380 



PCT/US2004/009283 



Alternatively, the moiety may be added by amide bond formation by reacting 
the 3-(piperidin-4-yloxy>pheny]amine intermediate with the appropriate R'-carboxylic 
acid. Typically, the desired amine intermediate is reacted with the appropriate R^- 
carboxylic acid, with HATU and collidine, in an appropriate solvent, such as dioxane, 
pyridine, DMF, or the like, at between about ambient temperature and about 1 OOX, 
preferably at about room temperature, until the reaction is complete, as for example, 
between about 1 and about 4 hrs., preferably about 2 hrs. The reaction is then quenched 
by addition of an acid, as for example, acetic acid in methanol, and the final product 
purified by normal work-up procedures. 

(Piperidinylsulfanyl)phenyl compounds of the present invention may be 
synthesized in the analogous manner to the methods for synthesizing 
(piperidinyloxy)phenyl compounds described above by substituting the appropriate 
piperidinethiol intermediate for the piperidinol intermediate. 

(Piperidinyloxy)pyridine compounds of the present invention may be prepared via 
Scheme 2, utihzing either 2,6-dichloropyridine or 2,6-dibromopyridine. 

Scheme 2: 




where the substituents are as defined above. 

The appropriate isomer/racemate of the piperidinol intermediate is reacted with 
NaH in a suitable solvent, as for example, NMP or the like, at fi-om about ambient 
temperature to about ]00°C for about 2-3 hours, or until the release of hydrogen gas is no 
longer observable. 2,6-Dibromopyridine is added and the mixture reacted at about 
ambient temperature to about 100°C for about 1-5 hr. The reaction mixture is then 
cooled to about ambient temperature and quenched with saturated aqueous NaCl aq. The 
product can be worked up with well known procedures, such as solvent removal, 
extraction, silica gel purification, chromatography, etc. 
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The 2-bromo-6-(piperidin-4.yloxy)pyridine can be aminated by various known 
methods, including reaction with with an excess of 7 M NH3. with an appropriate catalyst, 
such as copper (I) oxide, or the like, , in a suitable solvent, such as ethyl eneglycol, NMP, ' 
and the like, preferably under pressure, as for example in an autoclave. The 2-amino-6- ' 
(piperidin-4-yloxy)pyridine intermediate may then be isolated and purified by known 
methods, as for example, solvent removal, extraction, , and/or chromatography, etc. 

These two imtial steps can alternatively be run substituting 2,6-dichlorx)pyridine 
for 2,6-dibromopyridine. 

The final condensation step with an appropriate R' acylchloride orR' carboxylic 
acid is as for the 3-aminophenoxypiperidine analogs described above. 

(Piperidinylsulfanyl)pyridinyl compounds of the present invention can be made by 
the analogous procedures, utilizing the corresponding piperidinethiol intermediate in 
place of the piperidinol intermediate. 

(Piperidinylsulfanyl)phenyl compounds of the present invention may also be 
synthesized according to Scheme 3; 

Scheme 3: 

^'■'^ f'''^ s Cesium . , ^ 

+ [ J^R Carbonate ^ ^j^V^^Y^R^ 

DMF ^"^-rB 
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Typically, S-amino-benzenethiol is reacted with an appropriate N-substituted or N- 
protected-4-chloropiperidine intermediate and cesium carbonate in a suitable solvent, 
such as DMF, DMSO, or the like, at between about ambient to about lOO'C, say about 
80'C, for several hours, as for example, about 12 to about 24 hrs., say about 1 8 hrs. The 
3-(piperidin-4-ylsulfanyl)phenylamine intemiediate may then be isolated and purified by 
well known procedures such as filtration, extraction, solvent removal, chromatography, 
etc. 

The 3-(piperidin-4-ylsulfany])phenylamine inteimediate may then be used in a 
condensation reaction with an appropriate R^-acylchloride or R^-carboxylic acid as with 
the corresponding 3-(piperidin-4-yloxy)phenylamrne intermediates described above. 

If, in any of the above syndeses, the piperidinyl nitrogen is protected by an amino 
protecting group, this group is removed after the condensation reaction with the 
R^-acylchloride or R^-carboxylic acid. The piperidinyl nitrogen can then remain as a 
secondary amine for compounds of the present invention wherein R^ is hydrogen, or it 
may be further alkylated by known procedures toprovide compounds of the present 
invention wherein R^ is C1-C3 alky], C3-C6 cycloalkyl-Ci-Cs alky], or a group of formula 
II 




A typical alkylation reaction would react the secondary amine with an appropriate 
aldehyde, glacial acetic acid or trifluoroacetic acid, and sodium cyanoborohydride, in an 
appropriate solvent, such as methanol, wherein an appropriate aldehyde is one which will 
react with the secondary amine to provide the desired R^ substiuent, as by way of 
illustration, N-methylpyrazol-4-ylethanal for compounds having N-methylpyra2ol-4- 
ylethyl as the R^ substituent. 

(Piperidiny]oxy)phenyl compounds of the present invention wherein R^ is C1-C3 
alkyl can be synthesized by reacting the 3-(piperidin-4-yloxy/thio)phenylamine or 3- 
(piperidin-4-y]oxy/thio)pyridinylamine intermediate with the appropriate aldehyde or 
ketone, (i.e. formaldehyde, acetaldehyde, propanal, or propan-2-one, for compounds 
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Wherein is methyl, ethyl, propyl, or isopropyl, respectively, in an appropriate solvent, 
as for example, methanol, for about 2 to about 4 hrs.. say 3 hrs. Sodium borohydride is ' 
then added and the mixture reacted for several hours to overnight. The reaction is then 
quenched with acid and the resulting N-alkyl-3-(piperidin-4-y]oxy/thio)phenylamine or N- 
a]kyl-3-(piperidin-4-yloxy/thio)pyridinylamihe intermediate may be isolated and purified 
by common methods, as for example, solvent removal, filtration, extraction, 
chromatography, etc. 

The N-alkyl-3-(piperidin-4-y]oxy/thio)phenylamine or N-alkyl-3-(piperidin-4- 
yloxy/thio)pyridinylamine intermediate is then used in a condensation reaction with an 
appropriate R^-acylchloride, as described above, to provide the product compound. 

(Piperidinyloxy)pyridinyl compounds where is other than hydrogen can be 
made by running the amination step as described above, with the 3-bromo-(piperidin-4- 
yloxy)pyridinyl intermediate and an excess of the appropriate alkylamine, rather than 
ammonia (e.g. methylamine, ethylamine, propylamine, or isopropylamine to produce 
compounds having an substituent of methyl, ethy], n-propyl. and isopropyl 
respectively). The 2-aIkylamino-6-(piperidin-4-yIoxy)pyridine intemiediate may then be 
used in the fmal condensation step with an appropriate R' acylchloride as described 
above. 

Compounds wherein R^'. and/or R^^ if presem, is other than hydrogen can be 
synthesized utilizing the corresponding R^^ and/or R"' -substituted l-bromo-3- 
fluorobenzene or 2,6-dibromo/chloropyridine in the initial condensation reaction with the 
4-piperidinol intermediate as described above. 

Alternatively, compounds wherein R''^ R'•^ or R^^ if present, is other than 
hydrogen can also be synthesized utilizing the corresponding R^ R''^ or R^^-substituted 
1 -fluoro-B-nitrobenzene or 2-fluoro-6-nitropyridine in the respective initial condensation 
reactions with the 4-piperidinol intermediate. The resulting R''-substituted-l-(piperidin- 

4yloxy/thio)-3-nitroben2eneorR'»-substituted-l-(piperidin-4y]oxy/thio)-6-nitropyridine 
intermediate is then reduced to the desired R''-substituted-3-(piperidin-4yloxy/thio)-3- 
phenylamine or R''- substituted- l-(piperidin-4yloxy/thio)-6-nitropyridine intennediate, as 
for example, by refluxing the nitro intermediate with iron dust and hydrochloric acid in 
asuitable solvent, such as methanol or the like, for about 24-36 hr. The resulting amine 
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intermediate may then be isolated and purified by common methods, as for example, 
solvent removal, filtration, extraction, chromatography, etc. 

This amine intermediate is then used in a condensation reaction with an 
appropriate R^-acylchloride, as described above, to provide the product compound. 

Compounds of the present invention wherein and are other than hydrogen 
can be synthesized by the above schemes utilizing the corresponding substituted 
piperidinyl starting reagents, which can be synthesized according to Scheme 4 as follows: 



Scheme 4: 



10 




where the substituents are as defined above. 



Typically, a racemic N-R^-2-R^-piperidin-4-one may be resolved into its 
enantiomers by chiral HPLC, as for example on a Chiralcel OD® or Chiralcel OJ® 
column (Daicel Chemical Industries, Ltd., Osaka Japan), followed by reduction of the 

1 5 ketone to provide the trans and cis diasteriomers of the selected 4-piperidinone 

enantiomer. The diasteriomers may then be further resolved by well known work-up 
procedures as desired, and as is well appreciated in the art. The analogous reactions can 
be run using the N-R^-3-R^substituted-piperidin-4-one starting reagents to produce N-R^- 
3-R^-piperidin-4-ol intermediates. 

2 0 Various methods for reduction of the ketone to a hydroxy group are well knovra in 

the art and the ordinarily skilled chemist will appreciate the advantages and limitation of 
the various methods with regard to selection of R^ or the N-protecting group desired. 
Typical reduction reactions include treatment with sodium borohydride, H2 with a Pd/C 
catalyst, or with lithium aluminum hydride, in an appropriate solvent, such as absolute 
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ethanol, tetrahydrofuran. and the like, will reduce the ketone into trans- and cw-hydroxy 



isomers. 



Alternatively, a degree of stereoselectivity may be achieved in the reduction 
reaction by treatment with chirally selective reducing agents such as lithium tri-tert- 
butoxyaluminum hydride, lithium tri-sec-butylborohydride (e.g. L-Selectride™, Sigma 
Chemical Corp.), diisobutylaluminum hydride, and the like. The stereoisomer enriched 
products can then be furflier purified by other known methods. 

Various methods maybe used to resolve stereochemically enriched/pure 
intermediates including chromatographic separation on chiral separation media and 
stereoselective crystallization. 

Compounds wherein is other than hydrogen can be made from the 
appropriately substituted piperidin-4-ol intermediate in the analogous manner, as for 
example reduction of 2,2,(R2/N-protected)- or 2,3,(R=/N-protected)-trisubstituted- 
piperidin-4-one to the corresponding racemic 4-hydroxypiperidine intermediates. 

The following Preparations and Examples are provided to better elucidate the 
practice of the present invention and should not be interpreted in any way so as to limit 
the scopeihereof. Note that when the "isomer 1" and "isomer 2" nomenclature is used, 
the absolute stereochemistry is not knoAvn. hi those situations, the stereochemistry shown 
in the structure is to accurately indicate the resolution of one cis or one trans 
configurations, but not the accurate "R" or "S" absolute stereochemistry of the chiral 
centers for that resolved isomer; the absolute configurations may be the opposite of that 
shown. Hence, one resolved isomer is arbitrarily designated "isomer 1", leaving the 
opposite isomer to be designated "isomer 2". Where the absolute stereochemistry is 
known, the appropriate R/S nomenclature is used. 

Preparation 1. 2-Methyl-4-oxo-piperidine-]-carboxylic acid tert-butyl ester isomers 1 
and 2 

— ^ 

isomer 2 

(Absolute stereoconfiguration is depicted arbitrarily.) 
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Resolve racemic 2-niethyl-4-oxo-piperidme-l-carboxylic acid tert-butyl ester 
(15.0 g) using a chiralpak AD™ (4.6 x 250nm) colujnn, eluting with absolute ethanol at a 
flow rate of 1 .0 mL/minute (UV=220nm) to obtain isomer 1 (5.28 g. 35%) and isomer 
2(5.01 g. 33%). 'H NMR (CDQ,): 4.7 (m, IH). 4.2 (m. IH), 3.3 (m, IH), 2.7 (m, IH), 2.5 
(m. IH). 2.3 (m, IH), 2.2 (m. IH), 1.5 (s. 9H), 1.2 (d, 3H); identical for both isomers. 

Preparation 2, 4-Hydroxy-2-methyl-piperidine-lKarboxylic acid rer/-butyl ester trans 
isomer 1 and cis isomer 1 

Isomer 1 , . 

trans isomer 1 as isomer 1 

Combine 2-methy]-4-oxo-piperidine-l-carboxylic acid /er/-buty] ester isomer 1 
(10.0 g, 46.89 mmol), absolute ethanol (200 mL), and sodium borohydride (2.66 g, 70.33 
mmol) with stilting. After 2 hr.. concentrate the reaction mixture and then partition the 
residue between water (100 mL) and 1 :1 hexane:ethyl acetate (1 00 mL). Separate the 
aqueous layer and wash with 1 :1 hexanerethyl acetate (4x100 mL), combine the organic 
layers, wash with aqueous NaCl solution, dry over sodium sulfate, filter and concentrate. 
Purify the residue by silica gel flash chromatography eluting with 7:3 hexanerethyl acetate 
to obtain the resolved trans isomer 1 (3.03 g, 30%) and cis isomer 1(5.2 g, 52%). Trans 
isomer 1: 'H NMR (CDCI3): 4.5 (m, IH). 4.05 (m, IH). 3.95 (m, IH), 2.9 (m, IH), 1.9 
(m, IH), 1.8 (m, IH), 1.5 (m, IH), 1.45 (s, 9H), 1.4 (m, IH), 1.35 (m, IH), 1.1 (d, 3H). 
Cis isomer 1: 'HNMR (CDCI3): 4.25 (m, IH), 4.15 (m. 1H),3.8 (m, IH), 3.25 (m, IH), 
1 .8 (m, 1 H), 1 .65 (m. 3H), 1 .4 (s. 9H), 1 .3 (d, 3H). 

Preparation 3. 4-Hydroxy.2-methyl-piperidine-l-carboxyIic acid tert-butyl ester trans 
isomer 2 and cis isomer 2 



isomer 2 cis Isomer 2 C trans isomer 2 
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10 



Combine 2-methyl-4-oxo-piperidine-l-carboxylic acid Zer/-butyl ester isomer 2 
(5.01 g, 23.49 mmol) and ethanol (100 mL). Add Lithium Aluminum Hydride (0.89 g, 
23.49 mmol) and stir at ambient temperature. After 2 hr., quench the reaction with 
saturated potassium sodium tartrate solution (50 mL), extract with ethyl acetate 2x50 
mL), wash combined organic layers with aqueous NaCl solution, dry over sodium sulfate, 
filter and concentrate. Purify the residue by silica gel flash chromatography eluting with 
7:3 hexanes: ethyl acetate to obtain trans isomer 2 (1.04 g, 20%) and cis isomer 2(1 .24 g, 
25%). Tram isomer 2: 'H NMR (CDCI3): 4.5 (m, IH), 4.05 (m. IH). 3.95 (m, IH), 2.9 ' 
(m, IH), 1.9 (m, IH), 1.8 (m, IH), 1.5 (m, IH), 1.45 (s, 9H), 1.4 (m, IH), 1.35 (m. IH), 
l.l(d,3H). 

Ciy isomer 2: 'HNMR (CDCI3): 4.25 (m, IH). 4.15 (m. IH). 3.8 (m. IH), 3.25 (m. IH). 
1 .8 (m, IH). 1 .65 (m, 3H), 1 .4 (s, 9H), 1 .3 (d, 3H). 







Crystallization with 
dl-toluoyl-D-tartaric add 



Epimerize with 
fumaric add 



Crystallization with 
fumaric acid 




15 
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Preparation 4A. N-(l-(S)-phenylethyl)-2-methylpiperidin-4-one diastereomeric mixture 

Dissolve aluminium chloride (2360 g, 17.7 mole, 1.02 eq.) in cold methylene 
dichloride (11 .1 L) at -35°C under nitrogen. Add a solution of 2-fra;jj-crotonyl chloride 
(90% pure, 2000 g, 17.2 mole) in methylene dichloride (4.3 L) maintaining the 
temperature between -SS^C and -30°C. Stirr the reaction mixture for 1 5 minutes. Add a 
solution of vinyltriraethylsilane (1780 g, 17.76 mole, 1.03 eq.) in methylene dichloride 
(4.3 L) over 45 minutes, maintaining the temperature at between -35°C and -SCC. Stirr 
the reaction mixture for 30 minutes at -30°C and then cool to below -50°C to facilitate 
the hydrolysis step. Add the cold reaction mixture to a cold solution of potassium 
carbonate (12 Kg) in water (33.3 L) at -12°C. Warm the resulting mixture to room 
temperature and stirr vigorously for 1 5 minutes. Separate the layers and extract the water 
layer three times with tert-hvtyl methyl ether (10 L. 5 L, 1 1 L). Pool the organic layers 
and wash with water (8 L). Dry the organic layer over MgS04 (350 g), filter and 
concentrate to yield the divinylkctone intennediate (1 860 g, 1 1 2.5%) as a brown residue. 

Dissolve S-(-)-a-methylbenzylamine (1870 g. 15.56 mole, 0.91 eq.) in acetonitrile 
(12 L) and add to a solution of aqueous NaHCOa (6 L, 1 100 g, 13.09 mole, 0.76 eq.). 
Cool the resulting white suspension to 16*'C. Slowly add a solution of the crude 
divinylkctone (1 .645 kg, 17.1 1 moles) in acetonitrile (6 L) over 40 minutes. Stif the 
reaction mixture for 1 hour at reflux. Evaporate the acetonitrile, add Cyclohexane (26 L) 
to the resulting residue, and stir for 20 minutes. Separate the layers and wash the organic 
layer successively with water (3 L), 1 0% aqueous acetic acid (2.2 L), and water (3 L). 
Dry the organic layer over MgS04 (500 g) and filter. Futher purify by plug-filtration 
through silicagel (1000 g), washing with cyclohexane (3 L). Concentrate the cyclohexane 
filtrate under vacuum, to yield the title intermediate (typical 55:45) (2290 g, 10.53 mole, 
61%) as a yellow/red oil. 

Preparation 4B, N-(l-(S)-phenylethyl)-2(S)-methy]piperidin-4-one 

Dissolve di-p-toIuoyl-D-tartaric acid (1 176 g, 8.23 mole) in acetone (5L). Slowly 
add a solution ofN-(l-S-phenylethyl)-2-(R/S)-methylpiperidin-4-one (96%, 1863g, 
8.23mole) in acetone (5L), maintaining the temperature between 1 8°C and 22°C. Heat 
the reaction mixture under reflux for 1 hr. Cool the stirred suspension to 20°C over 2.5 
hours. Filter off the solid, wash with acetone (5L), and dry at 50°C under vacuum to 
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obtain the title compound as the di-p-toluoyl-D-tartrate salt (3.7 kg, 74.5%, ratio 
(S,2S)/(S,2R) = 95/5). 

Combine the filtrates, concentrate to 4.7 kg, and reflux for 1 .5 hr. Cool the 
mixture to 20°C and stir overnight at 20''C. Filter off the solid, wash with acetone (3L), 
and dry at 50®C under vacuum, to yield additional title compound as the di-p-toluoyl-D- 
tartrate salt (460g, 93%, ratio (S,2S)/(S,2R) = 95/5)(Overall recovery 78.8%). 

Suspend the N-(S)-l-phenylethyl-2(S)-methyl-4-piperidinone di-p-toluoyl-D- 
tartrate (1200 g, 1.99 mole) in a mixture of methyl-/m-butylether (3 L) and water (2.25 L) 
and cool to IS'^C. Add a solution of NaOH (175 g, 4.38 mole, 2.2 eq.) in water (1050 ml) 
drop-wise to the suspension. Stir the solution 5 min. and then separate the aqueous layer. 
Wash the organic layer with water (1.5 L) followed by aqueous acetic acid (9%, 250 ml). 
Dry the organic layer over MgS04 (120 g), filter and concentrated under vacuum to 
provide the title compound as the free base (339 g, 77%). 

Preparations 4C. N-(l -(S)-phenylethyl)-2(R)-methylpiperidin-4-one 

N-(l-(S)-phenylethyl)-2(S)-methylpiperidin-4-one is epimerized to N-(1-(S)- 
phenylethy])-2(R)-methylpiperidin-4-one by crystallization directed induced resolution of 
the diastereomers as follows: 

Add a solution of l-(l-S*phenylethyl)-2(S)-methy]piperidin-4-one (900 g, 4.14 
mole) in acetone (1 L) to a suspension of fiimaric acid (432 g, 3.72 mole) in acetone 
(6.2 L) at 22°C. Heat the reaction mixture at 46°C to gradually transform the mixture to a 
suspension. Distill off part of the solvent (3.6 L) and stir until the diastereoisomeric ratio 
(S,2R)/(S,2S) is 66/34 by PMR. The suspension is then stirred for 16 hr. at 20°C during 
which time the ratio (S,2R)/(S,2S) increases further to 74/26. Cool the mixture to 5°C 
and stir for 2 hr. Filter off the solid, wash with cold acetone (IL, 5°C), and dry under 
vacuum to obtain the title compound (910 g, 66% yield, 91/9 diastereoisomeric ratio, 
44/56 diastereoisomeric ratio in the mother liquors). 

Preparation 4D. 2-S-methyl-4-piperidinone hydrochloride 

Dissolve N-(S)-l-phenylethyl-2-S-methyl-4-piperidinone (280 g, 1.2885 mole) in 
acetic acid (1400 ml) under nitrogen in a hydrogenation flask. Add Pd/C 1 0% (1 4 g), 
place the reaction mixture on a Parr apparatus, and hydrogenate under H2 (50 psi, 345 
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15 



20 



25 



30 



kPa)for3hr. Filteroffthecatalystand wash with acetic acid (100 ml). Concentrate the 
filtrates under vacuum to yield the title acetate salt as a brown residue (329.5 g. 1 50%) 
Dissolve 2-Methyl-4.piperidinone acetate (329.5 g, estimated 1.2855 mole fi-ee 
base content) in isopropanol (l L). Add 12N HCl (aqueous solution, 1 ] 0 ml) and 
. concentrate the resulting mixture under vacuum. Dissolve the residue in a mixture of 
toluene (2L) and isopropanol (2L) and concentrate again to obtain the hydrochloride salt 
as a very hygroscopic solid (204.5 g,106%). 

Preparation 4R. N-/err-buty]oxycarbonyl-2-S-methyl.4-piperidinone 

Dissolve 2-Methyl-4-piperidinone hydrochloride (200 g, estimated 1.2855 mole 
free base content) in water (500 ml). Add the solution to a mixture of methylene 
dachlonde (1 L) and aqueous NaHCOs (180 g inl.2 L water) at room tempe^ture. Add a 
solution of di-,er.-butyl dicarbonate (280 g, 1.28 mole) in methylene dichloride (500 ml) 
and stir the reaction mixture overnight at 20°C. Separate the water layer and extinct twice 
with methylene dichloride (500ml). Combine the organic layers, wash with water (500 
ml), dry over MgS04 (60 g), filter and concentrate under vacuum (276.5 g as red oil) 
Dissolve the oil in cyclohexane (1 L) and plug-filter through silicagel (300 g). Elute the 
sihcagel with cyclohexane (2L) and 50/50 cyclohexane/ethyl acetate (IL). Concentrate the 
filtrates under vacuum to obtain the title compound as a yellow residue (261 g 95) 

Alternatively, N-.er.-butyloxycarbonyl-2-S-methy]-4-piperidinone is prepared in a 
one-pot synthesis from N-(S)-l-pheny]ethyl-2-S-me,hyM-piperidinone as follows- 
Dissolve N-(S)-]-phenylethyl-2-S-methyI-4-piperidinone (200 g. 0.9208 mole) in THF 
(200 ml). Add a solution of di-/m-butyl dicarbonate (214.7g. 0.9838 mole) in THF (200 
ml). Place the reaction mixture under a nitrogen flow and add Pd/C (IQo/o content dry 
catalyst, 1 0 g). Pressurize the reactor tliree times with N.. followed by three times' with 
H. Heat the reaction mixture to 50°C and hydrogenate overnight with stimng (3 bar H. 
^3.5 psi. ,300kPa, 300 rpm). Determine the end of the reaction by TLC analysis (silica' 
plate, cyclohexane/ethylacetate 50/50. complete disappearance of the starting product) 
Cool the reaction mixture to room temperature and purge the reator by pressurizing three 
twines with N,. Filter offthe catalyst using a celite pad and wash with THF (200 ml) 
Remove the solvent by evaporation (40^, vacuum) to obtain the cnide product as a 
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yellow oil (183.5 gram, 93%). 

Dissolve the crude product in n-bexane (200 mL) and stir overnight at 20°C. 
Filter off the solid, wash with n-hexane (50 mL). and dry under vacuum at 20°C to obtain 
the title compound (78 g. 39%). Concentrate the mother liquors under vacuum to 140g 
residual. Cool the solution and stir overnight at 20OC. Cool the resulting suspension to 
5°C and stir for 15 minutes. Filter off the solid, wash with n-hexane (20ml) and dry under 
vacuum at 20»C to obtain additional title compound (30.6 g, 15%). 

Preparation ,5. l-Benzyl.3-methyl-piperidin-4-oI (all 4 isomers) 

HO—/ N — ^ 

Suspend lithium aluminum hydride (0.76 g. 20.0 mmol) in dry tetrahydrofiimn 
(10 mL) and cool to 0°C. Add. dropwise with stining, l-ben2yl-3.methyl-piperidin-4-one 
(4.06 g, 20.0 mmol) in tetrahydroluran (20 mL). After 1 hr., quench with saturated 
potassium sodimn tartrate solution. After 20 min., extract with ethyl acetate (2x1 00 mL), 
wash the combined organic layers with aqueous NaCI solution (100 mL), diy over sodium 
sulfate, filter, and concentrate to obtain the title compound (4.15 g, >100%). Mass 
spectrum (electrospray): m/z=206.1 (M+1). 

Preparation 6. l-Ben2yl-<:is-3-methy]-piperidin-4-ol 

HO' 





Dissolve l-benzyl-3-methyl.piperidin.4.one (5.0 g, 24.6 mmol) in dry 
tetrahydrfuran (1 00 mL) and cool the resulting solution to 0°C. Add ImL-lithium tri-sec- 
butylborohydride (L-Selectride®) solution in tetiahydrofin^n (29.6 mL, 29.6 mmol) 
dropwise over 30 min. After stining at 0«>C for 1 hr., quench with water (50 mL). extract 
with ethyl acetate (2x100 mL). wash the combined organic layers with aqueous NaCl 
solution (1 00 mL), separate the organic layer, dry over sodium sulfate, filter and 
concentrate. Purify the residue by silica gel flash chromatography eluting with 5% (2M 
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NH3/ methanol)/ methylene dichloride to obtain of the title compound as a mixture of 
enantiomers(3.84 g, 76%). NMR (CDCI3): 7.25 (m, 5H), 3.8 (m, IH), 3.5 (s, 2H), 2.4 
(m, 3H), 2.2 (m, IH), 1.9 (m, IH), 1,8 (m, 2H), 0.95 (d, 3H). 

Preparation 7, Racemic l-benzyl-3-/ra7ij"methyl-piperidin-4.ol 



HO' 




1j ' ""P"b 



Add phosphoric acid (85%, 8. 1 7 g) to a suspension of ] -benzyl-S-methyl- 
piperidin-4.one (14.4 g) in water (100 mL) and methanol (43 mL) and cool the mixture to 
-ICC. Add sodium borohydride (5.36 g) portion wise over 1 hr. and warm the reaction 
mixture to room temperature overnight. Basify the reaction mixture with 20 mL of 5 N 
NaOH and partition between ethyl acetate and saturated aqueous NaCl, dry over 
anhydrous sodium sulfate, evaporate and purify on a silica gel column (1 10 g, solvent: 
dich]oromethane-2M NHj in methanol, gradient) to give the title pompound as a coloriess 
oil (14.504 g). Mass spectrum (electrospray) m/z = 206 (M+1); 'HNMR (CDCI3): 7.31 

. 9^.' ^^'.^ "^^ .2^' (•^' IH). 2.86 (m,JH), 2.79 (m, IH), 2.02 (m. 

IH), 1 .90 (m, IH), 1 .62 (m, 3H). 0.95'(d, J= 6".3' Hz, 3H). 

Prep^tion 8. N-(S)-Phenetbyl-2-(R)-Methyl-piperidin-4-(R)-ol 

HO. 




Add LiAlH(f-butoxy)3 (80.73 mL of IM in THF, 80.73 mmol) to a solution of N- 
(S)-phenethyI-2-(R)-methyl-piperidin-4-one (14,6g, 80.73 mmol) in THF (146 mL) at - 
70°C. Stir for 1 8 hr. Add saturated aqueous NH4C] (50mL) and stir at room temperature 
for 15 min. Filter the heterogeneous mixture on celite. Add MTBE (lOOmL) and 
saturated NH4CI (50mL), extract off the organic layer, and wash the aqueous phase with 
MTBE (50mL). Combine the organic fractions, dry over MgS04, filter and concentrate 
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under reduce pressure to give the title compound (14.6g, 98% yield, 92% 
diastereoisomeric excess). 'H NMR (CDCI3, 400 MHz) : 7.40-7.20 (m, 5H), 4.30 (q, 
J=7.1H2. IH). 3.50-3.35 (m, IH), 3.15-3.00 (m, IH), 2.30-2.15 (m, IH), 2.00-1.80 (m, 
3H), 1.60-1.40 (m, 5H), 1.38-1.20 (m, 4H). 

Preparation 9. l-Baizyl-2,2-dimethyl-piperidin-4-o] 




Combine l-benzyl-2,2-dimethyl-piperidin-4-one (1.0 g, 4.6 mmol) and 
tetrahydroftiran (20 mL) and cool to 0°C. Add lithium aluminum hydride (0.175 g, 4.6 
mmol) with stirring. After 30 min., warm to ambient temperature. After 30 min., quench 
the reaction mixture with water (50 mL). Extract with ethyl acetate (2x75 mL), combine 
the organic layers and wash with aqueous NaCl solution (50 mL), dry over sodium 
sulfate, filter and concentrate to obtain the title compound(l .0 g, 100%). Mass spectrum 
(electrospray): m/z=220.1 (M+1); 'H NMR (CDCI3): 7.3 (m. 5H), 4.0 (m, IH), 3.8(m, 
IH), 3.0 (m, IH), 2.6 (m, IH), 2.3 (m, IH), 1.8 (m, 2H), 1.4 (m, 3H), 1.25 (s, 3H), 1 .1 (s, 
3H). 



Preparation 10. l-Allyl-2-methyl-piperidin-4-ol 



Ho- 




using the method of example 9, using l-a]lyl-2-methyl-piperidin-4-one, prepare 
the title compound and isolate as the free base (71%). 'H NMR (CDCI3): 5.9 (m, 1 H), 5.2 
(m, 2H), 3.6 (m, IH), 3.4 (m, IH), 3.1 (m, IH), 2.9 (m, 2H), 2.6 (m, IH), 2.4 (m. IH), 2.3 
(m. IH), 2.1 (m, IH), 1.95 (m, IH), 1.6 (m ,1H), 1.2 (m, 3H). 
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Preparation 11. l-Cyclopropylmethyl-pipqridiii-4-ol 




Add bromomethylcyclopropane (2.025 g, 15 mmol) to a solution of 4- 
hydroxypiperidine (3.035 g, 30 mmol) in THF (1 0 mL) and stir the mixture overnight. 
Dilute the mixture with ethylacetate, wash with saturated NaHCO, solution, dry over 
Na2S04, filter and concentrate to give a residue. Chromatography (silica gel, eluting with 
8% 2M NHa-methanol in CH2CI2) provides 1 .087 g (47%) of the title compound: mass 
spectrum (ion spray): m/z = 156.2 (M+1); 'h NMR (CDCI3, ppm): 3.60 (m. IH), 2.81 (m, 
2H), 2.16 (d, IH), 2.10 (m, 3H), 1.84 (m, 2H), 1.53 (m, 3H), 0.79 (m, IH), 0.44 (m, 2H), 
0.00 (m, 2H). 



Preparation 12. 4-(3-Bromo-phenoxy>l -methyl-piperidine 




Dissolve l-methyl-piperidin-4-ol (10.06 g, 87.34 mmol) in DMF (30 mL) and add 
to a stirred suspension of sodium hydride (5.24 g, 131 .01 mmol) in DMF (155 mL). After 
the addition is complete, heat at 50°C. After 45 min., add a solution of 1 -bromo-3-fluoro- 
benzene (12.2 mL, 109.18 mmol) in DMF (15 mL) and stir and heat at 65°C. After 18 
hr., cool to ambient temperature, quench ,with water (5 mL), remove the DMF under 
reduced pressure, wash with water (50 mL) and extract with ethyl acetate/liexanes (2/1 
mixture, 2x35 mL). Combine the organic layers, dry over magnesium sulfate, filter under 
reduced vacuum and concentrate to dryness. Purify by flash chromatography using 
dichloromethane/ammonia (2.0M in methanol) 20/1 as the eluent to give of the title 
compound (15.4 g,65%). Mass spectrum (ion spray): m/z = 270.0(M+1); 'HNMR 
(CDCl3):7.12 (t, J = 8.3 Hz, IH), 7.07 - 7.04 (m, 2H), 6.83 (bd, J = 8.3 Hz, IH), 4.35 - 
4.26 (bm, ] H). 2.73 - 2.64 (bm, 2H), 2.37 - 2.28 (bm, 5H), 2.05 - 1 .96 (bm, 2H), 1 .89 - 
1.79 (bm, 2H). 
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Preparation 13, 4-(3-Bromo-phenoxy)-l-ethyl-piperidine 

Using a method similar to preparation 12, using l-ethyl-piperidin-4-ol (850 mg, 
6.58 mmol) gives the title compound as a pale yellow oil (797 mg, 43%). Mass spectrum 
(ion spray): mJz = 284.1(M+1); 'H NMR (CDCI3): 7.12 (t, 7= 8.2 Hz, IH), 7.07 - 7.04 
(m, 2H), 6.83 (dd, 7= 2.1 Hz, 8.2 Hz, IH), 4.36 - 4.29 (bm. IH), 2.79 - 2.71 (bm, IS), 
2.47 (q, J= 7.0 Hz, 2H), 2.40 - 2.30 (bm, 2H), 2.09 - 1 .99 (bm. 2H), 1 .89 - 1 .80 (bm, 
2H), l,12(t,J=7.0H2,3H). 

Preparation 14. 4-(3-Bromo-phenoxy>piperidine-l-carboxylic add tert-butyl ester 

Usmg a method similar to preparation 12, using 4-hydroxy-piperidine-] - 
carboxylic acid /er?-butyl ester (10 g, 49.7 mmol) gives the title compound as a colorless 
oil(15.3g, 87%). Mass spectrum (ion spray): m/z = 356.0(M+1); 'HNMR (CDCla): 7.13 
(t, 7= 7.9 Hz, IH), 7.09 - 7.05 (m. 2H), 6.84 (dd,7= 1.1 Hz. 2.4 Hz, IH). 6.82 (t. J= 1.8 
Hz, IH), 4.44 (septet, J= 3.6 Hz, IH). 3.67 (ddd, 7= 3.9 Hz, 7.7 Hz, 13.5 Hz, 2H), 3.34 
(ddd. J= 3.9 Hz. 7.7 Hz. 13.5 Hz, 2H), 1.94 - 1.86 (m. 2H), 1 .78 - 1.69 (m, 2H), 1.47 (s, 
9H). 

Preparation 15. 4-(5-Bromo-2-chloro-phenoxy)-l -methyl-piperidine 

Using a method similar to preparation 12, using 4-bromo-l-chloro-2-fluoro- 
benzene (2.0 g, 9.55 mmol) gives the title compound as a pale yellow oil (2.01 g, 83%). 
Mass spectrum (ion spray): m/z = 304.0(M+1); 'h NMR (CDCla): 7.21 (d,y= 8.4 Hz, 
IH), 7.06 (d, y = 2.1 Hz, IH), 7.02 (dd, J= 2.1 Hz, 8.4 Hz, IH), 4.44 - 4.35 (bm, IH)' 
2.74 - 2.63 (bm, 2H), 2.45 - 2.36 (bm, 2H), 2.33 (s, 3H), 2.06 - 1 .98 (bm, 2H), 1 .96 - 
1.88 (bm,2H). 
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Preparation 16. 4-(3-Bromo-5-fluoro-phenoxy)-l -methyl-piperidine 




F 



Combine l-methyl-piperidin-4-ol (5.97 g, 51.81 mmol) and N,N- 
5 dimethylformamide (1 00 mL) and treat, in portions, the resulting solution with 95% 
sodium hydride (1 .31 g, 51.81 mmol) and stir. After 1 hr., add l-bromo-3,5-difluoro- 
benzene (1 0.0 g, 51 .81 mmol), stir and heat to 80°C. After 2 hr.. cool to ambient 
temperature, partition between water (100 mL) and ethyl acetate (100 mL), separate and 
wash the water layer with ethyl acetate (100 mL). Combine the ethyl acetate layers and 

1 0 wash with water (5x75 mL). Wash the organic layer with aqueous NaCl solution (75 

mL), dry over sodium sulfate, filter and concentrate to an oil. Purify the residue by silica 
gel flash chromatography eluting with 10% (2M NH3/ methanol)/ methylene dichloride to 
obtain of the title compound( 10.61 g, 71%). Mass spectrum (electrospray): m/z = 288 
(M+1-1), 290 (M+1+1); 'h NMR (CDCI3): 6.85 (s, IH), 6.8 (m, IH). 6.55 (m, IH), 4.3 

15 (m, IH), 2.6 (m, 2H), 2.3 (m, 5H), 2.0 (m, 2H), 1 .8 (m, 2H). 



Preparation 1 7. 4-(2-Fluoro-phenoxy)- 1 -methyl-piperidine 

Dissolve l-methyl-piperidin-4-ol (4.61 g) in DMF (25 mL) and add slowly to a 
2 0 suspension of sodium hydride (95%) (1 . 1 1 g) in DMF (25 mL) at room temperature. Heat 
the mixture in an oil bath at 65°C. After 30 min., add 1,2-difluorobenzene (4.56 g) and 
stir at 65°C. After 2 hr., partition between water and ether, dry over anhydrous sodium 
sulfate, evaporate to give a yellow oil (5.88 g, 70% yield). Mass spectrum (electric spray) 
m/z = 210 (M+1); 'H NMR (CDCI3): 7.05 (m, 3H), 6.92 (m, IH), 4.29 (m, IH), 2.71 (m, 
2 5 2H). 2.30 (s, 3H), 2.27 (m, 2H), 1 .99 (m, 2H), 1 .89 (m, 2H). 
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Preparation 18. 4-(3-Bromo-2-fluoro-phenoxy)-l .methyl-pipeiidine 



.Add n-butyl lithium (1.6 M in hexane, 7.4 mL) to a solution of 2,2,6,6- 
tetramethyl-piperidine (1 .67 g) in TEiF (30 mL) at -78°C and stir. After 1 5 min.. add 
dropwise a solution of 4-(2-fluoro-phenoxy)-l-methyl-piperidine (preparation 17, 1.65 g) 
in THF (20 mL) and stir. After 1 hr., add dropwise l,2-dibromo-l.l,2,2-tetrachloro- 
ethane(2.57 g) in THF (15 mL) and stir. After 30 min. at -78°C atod 1 hr. at room 
temperature, partition between ethyl acetate and saturated aqueous NaCl, dry over 
anhydrous sodium sulfate, evaporate and purify on a silica gel column (1 1 0 g, solvent: 
dichloromethane-2M NH3 in methanol, gradient) to give the title compound (1.25 g). 
Mass spectrum (electric spray) m/z = 288 (M+1), 290 (M+2+1); 'H NMR (CDCI3): 7.12 
(m, IH), 6.92 (m. 2H), 4.30 (m, IH), 2.69 (m. 2H), 2.30 (s, 3H). 2.28 (m, 2H), 1 .97 (m, 
2H), 1.89(m,2H). 



Preparation 19. 4-(3-Bromo-2-fluoro-phenoxy)-l -methyl-pjperidine 



Add slowly a solution of 1 -methyl -piperidin-4-ol (2.98 g) in DMF (20 mL) into a 
suspension of sodium hydride (95%) (0.72 g) in DMF (25 mL) at room temperature. Heat 
the mixture in an oil bath at 65°C. After 30 min., add l-bromo-2,3-dif]uoro-ben2ene (5.0 
g) and stir at 65°C. After 2 hr.. partition the reaction mixture between water and ether, 
dry over anhydrous sodium sulfate, and evaporate to give a yellow oil. Separate on a 
silica gel column (1 10 g, solvent: ether, ether-2M NH3 in methanol 19:1, 9:1) to obtain 4- 
(2-bromo-6-fluoro-phenoxy>l-methy].piperidine (4.06 g, 54% yield) and the title 
compound (1 .60 g, 21% yield). Mass spectrum (electric spray) m/z = 288 (M+1), 290 
(M+2+1); 'H NMR (CDCI3): 7.12 (m, IH), 6.92 (m. 2H), 4.30 (m, IH), 2.69 (m, 2H), 
2.30 (s, 3H), 2.28 (m. 2H), 1 .97 (m, 2H), 1 .89 (m, 2H). 



38 



wo 2004/094380 



PCT/US2004/009283 



Preparation 20. 4-(5-Bromo-2-niethy]-phenoxy)- 1 -methyl-piperidine 



Add sodium hydride (60% dispersion in oil, 880 mg, 22 mmol) to a solution of 4- 
hydroxy-1 -methyl-piperidine (2.304 g, 20 mmol) in DMF (12 mL), stir. After 30 rain., 
add 4-bromo-2-fluorotoluene (4.1 59 g, 22 mmol) and heat at 70 °C. After 21 hr., quench 
the reaction with saturated NaHCOs solution, extract with ether three times, combine the 
organic layers, wash with saturated NaCl solution, dry over Na2S04, filter and concentrate 
to give a residue. Purify by chromatography (silica gel, eluting with 6% 2M NH3- 
methanol in CH2CI2) provides of the title compound as a slightly yellow oil (3.90 g, 69%). 
Mass spectrum (ion spray): m/z = 284.0 (M-H); 'h NMR (CDCI3, ppm): 7.01 (m, 3H), 
4.35 (m, IH). 2.66 (m, 2H), 2.36 (m, 2H), 2.34 (s, 3H), 2.19 (s, 3H), 2.03 (m, 2H), 1.85 
(m, 2H). 

Preparation 21. 4-(3-FIuoro-5-nitro-phenoxy)-l -methyl-piperidine 



Dissolve l-methyl-piperidin-4-ol (3.62 g, 31.43 mmol) in N,N- 
dimethylformamide (20 mL) and add 95% sodium hydride (0.83 g, 33.0 mmol) at ambient 
temperature. After 40 min., add 1 ,3-difluoro-5-nitro-benzene (5.0 g, 31.43 mmol), stir 
and heat at 65°C. After 2 hr., cool to ambient temperature and pour slowly into water 
(100 mL). Extract the reaction mixture with ethyl acetate (3x150 mL), wash the 
combined organic layers with aqueous NaCl solution (100 mL), dry over sodium sulfate, 
filter and concentrate. Purify the residue by silica gel flash chromatography eluting with 
10% (2M NH3/ methanol)/ methylene dichloride to obtain of the title compound (2.76 g, 
35%). 'H NMR (CDCI3): 7.6 (s, IH), 7.5 (d, IH), 7.0 (d, IH), 4.4 (m, IH), 2.7 (m, 2H), 
2.4 (m, 5H), 2.0 (m, 2H), 1.9 (m, 2H). 

Preparation 22. 4-(3-Bromo-phenoxy)-CM-2-methy]-piperidine-l-carboxylic acid tert- 
butyl ester isomer 1 




F 
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Dissolve 4-hydroxy-c/j-2-methy]-piperidine-l-carboxylic acid tert-huty] ester 
isomer 1 (preparation 2, 2.53 g, 11. 75 nunol) in 1 -methyl-2-pyrolidinone (50 mL) and 
treat with 95% sodium hydride (0.33 g, 12.93 mmol), stir and heat at TO^C. After 1 hr., 
5 add l-bromo-3-fluoro-benzene (1 .44 mL, 12.93 mmol), stir and heat at 100°C. After 16 
hr., cool to ambient temperature and quench with water( lOOmL). Extract with 4:1 
hexane: ethyl acetate (2x100 mL). Combine the organic layers and wash with aqueous 
NaCl solution (75 mL), dry over sodium sulfate, filter and concentrate. Purify residue by 
silica gel flash chromatography eluting with 4:1 hexanes: ethyl acetate to obtain the title 
10 compound (2.47g, 57%), 'H NMR (CDCI3): 7.15 (m, IH), 7.05 (m, 2H), 6.8 (dd. IH), 4.6 
(m, IH), 4.35 (m, IH). 3.9 (m, IH), 3.25 (m, IH), 1.9 (m, 3H), L75 (m, IH), 1.5 (s, 9H), 
1.3 (d, 3H). 

Preparation 23. 4-(3-Bromo-phenoxy)-cis-2-methyl-piperidine-l-carboxylic acid tert- 
1 5 butyl ester isomer 2 



Combine 4-hydroxy-cw-2-methyl-pipCTidine-l-carboxylic acid tert-butyl ester 
isomer 2 (preparation 3, 0.986 g) in DMF (10 mL) and add to a suspension of sodium 
hydride (95%, 0.127 g) in DMF (10 mL) and heat in an oil bath at 65°C. After 30 min., 

20 add 1 -bromo-3-fluoro-benzene (0.96 g) and heat at 65°C. After 1 8 hr., partition between 
ethyl acetate-hexane (1 :4) and saturated aqueous NaCl, dry over anhydrous sodium 
sulfate, evaporate and purify on a 35 g silica gel column eluting with ethyl acetate-hexane 
(1 :9) to give the title compound as a colorless oil (0.759 g). 'H NMR (CDCI3): 7.13 (dd, 
IH), 7.05 (ddd, IH), 7.04 (m, IH), 6.81 (ddd, IH), 4.63 (m, IH), 4.35 (m, IH), 3.88 (m, 

25 IH), 3.23 (m, IH), 1.90 (m, 3H), 1 .73 (m, IH). 1.46 (s, 9H). 1.27 (d, J= 7.0 Hz, 3H). 
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Preparation 24 . (3-Bronio-phcnoxy)-<raas-2-methyl-piperidine-l-carboxylic acid tert- 
butyl ester isomer 2 

Using a method similar to preparation 23, using 4-hydroxy-/ran*-2-methy]- 
piperidine-l-carboxylic acid tert-butyl ester isomer 2. (preparation 3) gives the title 
compound. Mass spectrum (electrospray) m/z 272 and 270 (M-BOC); 'H NMR (CDCI3): 
7.1 1 (dd, IH), 7.06 (ddd, IH), 7.03 (m, IH), 6.81 (ddd, IH). 4,54 (m. IH), 4.47 (m. IH), 
4.09 (m, IH), 2.94 (m, IH). 2.07 (m, IH), 1.95 (m. IH), 1.72 (m, IH), 1.48 (m, IH), 1.46 
(s,9H),l,21 (d,J=7.0H2,3H). 

Preparation 25. 4-(3-Bromo-phenoxy)- trans 2-methyl-piperidine-l-carboxylic acid tert- 
butyl ester isomer 1 



Br 




Dissolve 4-hydroxy-fra«s-2-methyl-piperidine-l-carboxylic acid fert-butyl ester 
isomer 1 (preparation 2, 3.03 g, 14.07 mmol) in 1 -methyl-2-pyrolidinone (50 mL), treat 
with 95% sodium hydride (0.33 g, 12.93 mmol), stir and heat at 70°C. After 1 hr., add 1- 
bromo-3-fluoro-benzene (1.73mL, 15.5 mmol), stir, and heat at lOO'-C. After 16 hr., cool 
to ambient temperature and quench v^^ith water (100 mL). Extract with 4:1 hexane: ethyl 
acetate (2x100 mL), combine the organic layers and wash with aqueous NaCl solution (75 
mL), dry over sodium sulfate, filter and concentrate. Purify the residue by silica gel flash 
chromatography eluting with 4:1 bexanes: ethyl acetate to obtain of the title compound 
(2.42 g. 46%). 'H NMR (CDCI3): 7.1* (m, 3H), 6.8 (m, IH). 4.55 (m, IH), 4.5 (m. IH), 
4.1 (m, IH). 2.95 (m, IH). 2.1 (m, IH). 1.95 (m. IH), 1.7 (m. IH), 1.5 (m, IH), 1.45 (s, 
9H). 1.2 (d. 3H). 

Preparation 26. l-Ben2yl-4-(3-bromo-phenoxy)-<:is-3-methyl-piperidine 





Dissolve l-benzyl-cw-3-methyl-piperidin-4-ol (preparation 6. 3.84 g. 18.73 mmol) 
in dry N,N-dimethylformamide (100 mL), treat with 60% sodium hydride (1 .05 g, 26.22 
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mmol), heat and stir at SO'C. After 1 hr., add.l-broino-3-fluoro-benzene (2.51 mL, 22.45 
mmo]), stir and heat at 1 lO'C. After 16 hr., cool to ambient temperature. Partition 
between water (100 mL) and ethyl acetate (100 mL), wash the aqueous layer with ethyl 
acetate (2x1 00 mL), combine the organic layers, wash with water (5x100 mL) and 
aqueous NaCl solution (100 mL). Dry the organic layer over sodium sulfate, filter and 
concetrate. Purify the residue by silica gel flash chromatography eluting with 2% (2M 
NH3/ methanol)/ methylene dichloride to obtain the title compound as a mixture of 
enantiomers (1.69 g, 24%). 'HNMR (CDCI3): 7.3 (m, 5H), 7.1 (m, 3H), 6.8 (m, IH), 4.3 
(m, IH). 3.5 (d. 2H), 2.5 (m. 2H), 2.4 (m, 2H), 2.0 (m, 2H), 1.8 (m, IH). 1.0 (d, 3H). 

Preparation 27. Racemic l-benzyl-4-(3-bromo-phenoxy)-3-/rfl/w-methyl-piperidine 

Add sodium hydride (95%, 0.35 g) into a solution of l-benzyl-3-rra«j-methyl- 
piperidin-4-ol (preparation 7, 2.37 g) in 1 -methyl-2-pyrrolidinone (50 mL) and heat in an 
oil bath at 65°C. After 30 min., add l-bromo-3-fluoro-benzene (2.22 g) and heat at 
1 00°C. After 4 hr., partition between ethyl acetate-hex ane (1 :4) and saturated aqueous 
NaCl, dry over anhydrous sodium sulfate, evaporate and purify on a 1 1 0 g silica gel 
column eluting with ethyl acetate-hexane (1 :9) to give the title compound (2.515. g). mass 
spectrum (electrospray) m/z = 360 (M+1), 362 (M+2+1); 'H NMR (CDCI3): 7.32 (m, 
4H), 7.27 (m, IH), 7.1 1 (m, IH), 7.05 (m, 2H), 6.82 (m, IH), 3.76 (m, IH), 3.52 (s, 2H), 
2.86 (m, 2H), 2.09 (m, 2H), 2.00 (m, IH), 1.85 (ra. IH), 1.65 (m, IH), 0.97 (d, J= 6.7 Hz, 
3H). 



Preparation 28. 3-(l -Methyl-piperidin-4-yloxy)-phraylamine 

Combine under nitrogen 4-(3-bromo-phenoxy)-]-methyl-piperidine (preparation 
12. 5 g, 18.5 mmol), (±)BINAP (576 mg. 0.925 mmol), Pd2(dba)3 (424 mg, 0.463 mmol), 
benzhydrylideneamine (3.73 mL, 22.2 mmol), sodium /er/-butoxide (2.49 g, 25.9 mmol) 
and toluene (37 mL), stir, and heat at 80°C. After 2 hr.. cool to ambient temperature. 
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dilute with ethy] acetate/hexanes (2/1 mixture, 40 mL), wash with water (2x60 mL), dry 
over magnesium sulfate, filter under reduced vacuum and concentrate to dryness to give 
6.8 g. Dissolve the residue in THF (60 mL) and stir. Add hydrochloric acid (aq. IN, 60 
mL) and stir for 30 min. Dilute with ethyl acetate (25 mL) and wash with water (2x60 
mL). Separate the aqueous layer and basify it with sodium hydroxide (aq. 2N, to obtain 
pH 9, 20 mL). Extract the aqueous layer with dichloromethane (3x100 mL). Dry over 
magnesium sulfate, filter under reduced vacuum, and concentrate to dryness. Load onto 
sex columns (divided in three lOg SCX columns) and elute with ammonia (2.0 M in 
methanol) to give of the title compound as an off-wliite solid (2.52 g, 66%, 2 steps). 
Mass spectrum (ion spray): m/z = 207.1(M+1); 'HNMR (CDCI3): 7.03 (t, 3 = 8.1 Hz, IH), 
6.34 - 6.24 (m, 3H), 4.30 - 4.22 (bm, IH), 3.63 (bs, 2H), 2.73 - 2.65 (bm, 2H), 2.3o'(s. 
3H). 2.29-2.23 (bm, 2H), 2.03 - 1 .95 (bm, 2H), 1.87-1 .79 (bm, 2H). 

Preparation 29. 3-( 1 -Ethyl-piperidin-4-y]oxy)-phenylamine 



Using a method similar to preparation 28, using 4-(3-bromo-phenoxy)-l-ethyl- 
piperidine (preparation 13, 792 mg, 2.78 mmol) gives the title compound (425 mg. 69%, 
2 steps): Mass spectrum (ion spray): m/z = 221.1(M+1); 'H NMR (CDCI3): 7.04 (t.y=' 

8.0 Hz, IH), 6.32 (dd, J= 2.2 Hz. 8.0 Hz, IH), 6.28 (dd. J = 2.0 Hz. 8.0 Hz, IH), 6.25 (t, 
J = 2.2 Hz. IH), 4.34 - 4.25 (bm. IH). 3.63 (bs, 2H), 2.81 - 2.72 (bm, 2H), 2.48 (q, J = ' 

7.1 Hz, 2H), 2.41 - 2.31 (bm, 2H), 2.09 - 2.00 (bm, 2H), 1.90 - 1.80 (bm, 2H), 1.13 (t 7 
= 7.3 Hz, 3H). 



Preparation 30. 4-(3-Amino-phenoxy)-piperidine-l-carboxylic acid tert-huty] ester 

o ' 

Using a method similar to preparation 28, using 4-(3-bromo-phenoxy)-piperidine- 
1-carboxylic acid tert-huty] ester (preparation 14, 5.01 g, 14.07 mmol) gives 6.42 g of the 
corresponding 4-[3-(benzhydiylidene-amino)-phenoxy]-piperidine-l-carboxylic acid teri- 
butyl ester. Add sequentially sodium acetate (anhydrous, 2.77 g, 33.78 mmol) and 
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hydroxylamine hydrochloride (1.76 g, 25.33 mmol) to a stirred solution of 4-[3- 
(ben2hydryIidene-amino)-phenoxy]-piperidine-]-carboxylic acid tert-butyl ester (6.42 g, 
14.07 mmol) in methanol (anhydrous, 140 mL) and stir at ambient/room temperature. 
After 1 hr., dilute with dichloromethane (40 mL) and wash with sodium hydroxide (aq. 
0.1 N, 60 mL), extract with dichloromethane (2x60 mL), dry over magnesiun^ sulfate, 
filter under reduced vacuum and concentrate to dryness. Puriiy by flash chromatography 
(20-60% ethyl acetate/hexanes) to give the title compound as a pale yellow solid (3.85 g, 
93%, 2 steps). Mass spectrum (ion spray): m/z = 237.1(M+1); 'H NMR (CDCI3): 7.04 (t, 
J= 8.0 Hz, IH), 6.34 - 6.26 (m. 3H), 4.41 (septet, J= 3.5 Hz, IH), 3.72 - 3.64 (m, 2H), 
3.32 (ddd, J= 3.9 Hz, 7.7 Hz. 13.2 Hz, 2H), 1.93 - 1.84 (m, 2H), 1.77- 1.68 (m, 2H), 
1.46 (s, 9H). 



Preparation 31. 4-Chloro-3-(l-methyl-piperidin-4-yloxy)-phenylamine 

Using a method similar to preparation 28. using 4-(5-bromo-2-chloro-phenoxy)-l - 
methyl-piperidine (preparation 15, 2.01 g, 6.58 mmol) gives the title compound (1 .41 g, 
89%, 2 stqjs): Mass spectrum (loh spfayjfhi/z = 24r:2(M+l); 'HNMR" (CDCla): 7.09 
(d, J = 8.5 Hz. IH), 6.29 (d, J = 2.5 Hz, IH). 6.23 (dd. J = 2.5 Hz. 8.5 Hz, IH). 4.33 - 
4.26 (bm, IH), 3.64 (bs. 2H). 2.73 - 2.64 (bm. 2H). 2.36 - 2.31 (bm, 2H). 2.30 (s, 3H), 
2.01- 1.86 (bm,4H). 

Preparation 3?, 3-Fluoro-5-(l-methyl-piperidin-4-yloxy)-phenylamine 

F 

Combine 4-(3-fluoro-5-nitro-phenoxy)-l-methyl-piperidine (preparation 16, 2.75 
g, 10.82 mmol), iron dust (2.0 g, 35.69 mmol), methanol (150 mL) and IM aqueous 
hydrochloric acid solution (3.25 mL, 3.25 mmol), stir and heat at reflux. After 32 hr., 
cool to ambient temperature, filter through celite and concentrate to an oil. Partition 
between ethyl acetate (100 mL) and IM aqueous sodium hydroxide solution (50 mL), 
separate the organic layer, diy over sodium sulfate, filter and concentrate. Purify residue 
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by silica gel flash chromatography eluting with 10% (2M NH3/ methanol)/ methylene 
dichloride to give the title compound(l .35 g, 56%). 'H NMR (CDC^): 6.0 (m, 3H), 4.2 
(m, IH). 3.7 (bs, 2H). 2.7 (m, 2H), 2.3 (m, 5H), 2.0 (m, 2H), 1.8 (m, 2H). 

5 Preparation 33. 2-Fluoro-3-(l-methyl-piperidin-4-yloxy)-phenylamine 

Heat a mixture of 4-(3-bromo-2-fluoro-phenoxy)-l-inethyl-piperidine (preparation 
18 orl9, 1.60 g), benzhydrylideneamine (1.21 g), tris(dibenzylidineacetone). 
dipalladium(O) (0.11 g), recemic-2,2'-bis(diphenyIphosphino>l,rbinaphthyl (0.138g) 

10 and sodium r-butoxide (0.75 g) in toluene (100 mL) and reflux. After 3 hr., cool to room 
temperature, load on a SCX column (10 g), wash with methanol, elute the product with 2 
M NH3 in methanol. Evaporate the NHs-methanol solution and purify on a 35 g silica gel 
column eluting with dichloromethane-2M NH3 in methanol, gradient to give 
ben2hydrylidene-[2-fluoro-3-(l-methyI-piperidin-4-y]oxy>phenyl]-amine. Dissolve the 

1 5 amine in THF and add IN HCl. After 1 0 miri., basify with NH4OH and partition between 
ethyl acetate and saturated aqueous NaCl, dry over sodium sulfate, evaporate and purify 
on a 35 g silica gel column eluting wdth: dichloromethane-2M NH3 in methanol, gradient) 
to give the title compound (1.19 g): mass spectrum (electric spray) ra/z = 225 (M+1); 
NMR (CDCI3): 6.78 (m, IH), 6.38 (m, 2H), 4.25 (m, IH), 3.73 (br s, 2H), 2.69 (m, 2H), 

2 0 2.27 (s, 3H), 2.26 (m, 2H), 1 .97 (m, 2H), 1 .87 (m, 2H). 

Preparation 34. 4-Methyl-3-(l -methyl-piperidin-4-y]oxy)-phenylamine 

Combine 4-(5-bromo-2-methy]-phenoxy)-]-methyl-piperidine (preparation 20, 
25 3.90 g, 13.7 mmol), benzophenone imine (2.98 g, 16.44 mmol), Pd2(dba)3 (251 mg, 0.27 
mmol), BINAP (5 12 mg, 0.82 mmol), sodium f-butoxide (1 .843 g, 19.1 8 mmol) and 
toluene (40 mL) and heat at 85 °C. After 9 hr., quench the reaction with saturated 
NaHCOa solution, extract with ethylacetate three times, combine the organic layers, dry 
over Na2S04, filter and concentrate to give a residue. Dissolve the residue in THF (55 
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mL) and add 5N HCl (5.5 mL) and stir. After 1 hr., dilute the mixture with O.IN HCl. 
extract with ethylacetate/hexancs (1 :2) twice, keep aqueous layer, adjust pH>] 1 with 5N 
NaOH, extract with methylene dichloride three time. Combine methylene dichloride 
layers, dry over Na2S04. filter and concentrate to give a residue. Purify by silica gel 
chromatography, eluting with 6.5% 2M NHa-methanol in methylene dichloride to give the 
tiUe compound as a yellow oil (2.80 g, 93%). Mass spectrum (ion spray): m/z = 221 .1 
(M+1); 'HNMR (CDCI3, ppm): 6.79 (d, IH), 6.09 (m. 2H), 4.16 (m, IH), 3.41 (s, br. 
IH), 2.53 (m, 2H). 2.24 (m. 2H), 2.19 (s, 3H), 2.00 (s. 3H). 1.93-1.68 (m, 4H). 

Preparation 35. 4-(3-Amino-phenoxy)-cw-2-methyl-piperidine-l-carboxylic acid tert- 
butyl ester isomer 1 

Combine 4-(3-bromo-phenoxy> cis 2-methyl-piperidine-l-carboxyMc acid /erf- 
butyl ester isomer 1 (preparation 22, 2.47 g, 6.67 mmol), benzhydiylideneamine (1.45 g. 
8.0 mmol), toluene (100 mL), sodium-t-butoxide (0.9 g, 9.34 mmol) and 2,2'- 
bis(diphenylphosphino)-l.r-binaphthyl (0.17 g, 0.27 mmol), stir and heat at 100°C. 
After 1 0 min., add tris(dibenzylideneacetone)-dipalladium(0) (0.12g, 0.13 mmol), stir and 
heat at 1 OO^C. After 4 hr., cool to ambient temperature and partition between water (200 
mL) and 4:1 hexanerethyl acetate (200 mL). Separate organic layer, wash with water (1 00 
mL) and aqueous NaCl solution ( 1 00 mL). Dry organic layer over sodium sulfate, filter 
and concentrate to an oil. Dissolve residue in methanol (80 mL) and treat with sodium 
acetate (1.31 g, 16.01 mmol) followed by hydroxylamine monohydrogen chloride (0.83 g, 
1 2.0 mmol) with stimng. After 1 hr., partition between 4:1 hexane: ethyl acetate (200 mL) 
and 0.5 M aqueous sodium hydroxide solution (200 mL). Separate organic layer, wash 
with aqueous NaCl solution (1 00 mL). dry over sodium sulfate, filter and concentrate. 
Purify residue by silica gel flash chromatography eluting with 4:1 hexanes: ethyl acetate 
to obtain the title compound(1.17 g, 59%). 'H NMR (CDCI3): 7.05 (m, IH), 6.3 (m, 2H), 
6.25 (m, IH), 4.6 (m, IH). 4.35 (m. IH). 3.85 (m, IH), 3.7 (bs. 2H), 3.25 (m. IH). 1 .95 ' 
(m. 2H). 1.8 (m, IH), 1.7 (m, IH), 1.45 (s. 9H), 1.3 (d, 3H). 
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Preparation 36. 4-(3-Amino-phaaoxy)-2-methyl-piperidine-l-carboxyKc acid /e/t-butyi 
ester trans isomer 1 




Using a method similar to preparation 31, using 4-(3-bromo-phenoxy)-fra«j-2- 
methy]-piperidine-l-carboxy]ic acid /er/-butyl ester trans isomer 1 (preparation 25, the 
title compound is prepared and isolated (23% yield). 'HNMR (CDCI3): 7.1 (m, IH), 6.3 
(m, 2H), 6.2 (m, IH), 4.55 (m, IH), 4.45 (m, IH), 4.1 (m, IH), 3.65 (bs, 2H), 2.95 (m, 
IH), 2.1 (m, IH). 2.0 (m, IH). 1.7 (m, IH), 1.55 (m. IH), 1.5 (s, 9H), 1.2 (d, 3H). 

Preparation 37. 4-[3-(Benzhydrylidene-amino)-phenoxy]-cw-2-methyl-piperidine-] - 
carboxylic acid tert-\mXy\ ester isomer 2 




Heat a mixture of 4-(3-bromo-phenoxy)-cw-2-methy]-piperidine-] -carboxylic acid 
tert-buty] ester isomer 2 (preparation 23, 0.759 g), benzhydrylideneamine (0.446 g), 
recemic-2,2'-bis(diphenylphosphino)-l,] 'binaphthyl (50 mg) and sodium /-butoxide 
(0.269 g) in toluene (20 mL) at 100°C. Ai^er 10 min., add tris(dibenzylidineacetone)- 
dipalladium(O) (37 mg) and heat at 100°C. After 2.5 hr., partition between ethyl acetate- 
hexane (1:4) and saturated aqueous NaCl, dry over anhydrous sodium sulfate, evaporate 
and purify on a 35 g silica gel column eluting with dich]oromethane-2M NH3 in methanol 
gradient to give tiie crude title compound (0.74 g). Mass spectrum (electrospray) m/z = 
471 (M+1). 

Preparation 38. 4-[3-(Benzhydry]idene-amino)-phenoxy]-fra«j-2-methyl-piperidine-l- 
carboxylic acid /ert-butyl ester isomer 2 
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Using a method similar to preparation 37, using 4-(3-bromo-phenoxy)-/ranj-2- 
methyl-piperidine-l-carboxylic acid tert-huty\ ester isomer 2 (preparation 20B) gives the 
title compound. Mass spectrum (electrospray) m/z = 471 (M+1). 

Preparation 39. 4-(3-Amino-phenoxy)-cw-2-methyl-piperidine-l-carboxy]ic acid tert- 
butyl ester isomer 2 



Add sodium acetate (0,309 g) and hydroxyamine hydrochloride (0.197 g) to 4-[3- 
1 0 (benzhydrylidene-amino)-phenoxy]-cw-2-methyl-piperidine- 1 -carboxylic acid /er/-butyl 
ester isomer 2 (preparation 37) and stir at room temperattire. After 1 hr,, partition 
between ethyl acetate and saturated aqueous NaCl, dry over anhydrous sodium sulfate and 
evaporate. Purify on a silica gel column (35 g, solvent: dichloromethane-2M NH3 in 
methanol, gradient) to give the title compound (0.290 g). Mass spectrum (electrospray) 
15 m/2 = 251 (M-57+1), 207 (M-BOC+1); 'H NMR (CDCI3): 7.04 (t, IH), 6.37 (d, IH), 6.35 
(d, IH), 6.32 (t, IH), 4.61 (m, IH), 4.33 (m, 3H), 3.86 (m, IH), 3.25 (m, IH), 1.93 (m, 
■ 2H), 1.86 (m, IH), 1.70 (m, IH), 1.46 (s, 9H), 1.29 (d, J= 7.1 Hz, 3H). 

Preparation 40. 4-(3-Amino-phenoxy)-'fra/w-2-methyl-piperidine-l -carboxylic acid tej't- 
2 0 butyl ester isomer 2 

Using a method similar to preparation 39, using 4-[3-(ben2hydrylidene-.amino> 
phenoxy]-^ra«5-2-methyl-piperidine-l -carboxylic acid /ert-butyl ester isomer 2 
(preparation 34B) gives the title compound. Mass spectrum (electrospray) m/z = 307 
25 (M+1). NMR (CDCI3): 7.04 (t, IH), 6.31 (m, 2H), 6.24 (m, IH), 4.53 (m, IH), 4.46 
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(m, IH), 4.07 (m, IH), 3.87 (br. 2H), 2.94 (m, IH), 2.09 (m, IH), 1.97 (m. IH), 1.66 (m, 
IH), 1 .51 (ra, IH), 1.46 (s, 9H). 1 .20 (d. J= 7.1 Hz, 3H). 

Preparation 41. Racemic 3-(l-Ben2yl-3-methyl-piperidm-4-yIoxy)-pheny]amine 






Cis Isomer 1 Cis Isomer 2 

Combine l-benzyl-4-(3-bromo-phenoxy)-cw-3-methyI-piperidine (preparation 26, 
1 .29 g, 3.58 mmol), dry toluene (50 mL), benzhydrylideneamine (0.84 niL, 5.01 mmol), 
sodium-t-butoxide (0.55 g, 5.73 mmol) and 2,2'-bis(diphenylphosphino)-l,r-binaphthyl 
(0.09 g, 0.14 mmol), stir and heat at 100°C. After 10 min., add 

tris(dibenzylideneacetone)-dipalladium(0) (0.066 g, 0.07 mmol), stir and heat at 100°C. 
After 2 hr., cool to ambient temperature, partition between water (50 mL) and ethyl 
acetate (100 mL), separate and wash the organic layer with aqueous NaCl solution, dry 
over sodium sulfate, filter and concentrate. 

Dissolve the residue in tetrahydroftiran (100 mL) and treat with IM aqueous 
hydrochloric acid (30 mL). After 30 min., basify with IM aqueous sodium hydroxide (40 
mL). Extract with ethyl acetate (2x100 mL), wash combined organic layers with aqueous 
NaCl solution (50 mL), dry over sodium sulfate, filter and concentrate. Purify by SCX 
column (10 g) using methanol wash, elute with 2M ammonia/ methanol and concentrate 
eluent. Purify residue by silica gel flash chromatography eluting with 5% (2M NH3/ 
methanol)/ methylene dichloride to obtain the title compound (0.81 g, 76%). Mass 
spectrum (electrospray): m/z = 297.2 (M+1); 'h NMR (CDCI3): 7.3 (m, 5H), 7.0 (t, IH), 
6.3 (m, IH), 6.2 (m, 2H), 4.3 (m, IH), 3.6 (bs, 2H), 3.5 (d, 2H), 2.4 (m, 4H), 2.0 (m. 2H), 
1.7 (m, IH), 1.0(d,3H). 

Preparation 42. 3-(l-Benzyl-3-methyl-piperidin-4.yloxy)-pheny]amine cis isomer 1 
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Resolve racemic cis 3-(l-benzyl-3-inethyl-piperidin-4-yloxy)-phenylamine 
(preparation 41, 15.65g) using a Chiralce] OD™ 4.6 x 250 mm column eluting with 20/80 
IPA/Heptane w/0.2% DMEA at a flow rate of 1 .0 mL/min to obtain of the title compound 
in 94.1% EE (5.98 g, 38%). Mass spectrum (electrospray): m/z = 297.2 (M+1); NMR 
(CDCI3): 7.3 (m, 5H), 7.0 (t, IH), 6.35 (dd, IH), 6.25 (m, 2H), 4.3 (m, IH), 3.6 (bs, 2H), 
3.5 (m, 2H), 2.4 (m, 4H), 2.0 (m, 2H), 1.75 (m, IH). 



Preparation 43. 3-(l-Beirzyl-3-methyl-piperidin-4-yloxy)-phenylamine cis isomer 2 





Resolve racemic cis 3-(l-ben2yl-3-methy]-piperidin-4-yloxy)-pheny]amine 
(preparation 41, 15.65g) using a Chiralce] OD™ 4.6 x 250 mm column eluting with 20/80 
IPA/Heptane w/0.2% DMEA at a flow rate of LO mL/min to obtain of the title compound 
in 99.2% EE(5.72g, 37%). Mass spectrum (electrospray): m/z = 297.2 (M+1); *H NMR 
(CDCI3): 7.3 (m, 5H), 7.0 (t, IH), 6.35 (dd, IH), 6.25 (m, 2H), 4.3 (m, IH), 3.6 (bs, 2H), 
3.5 (m, 2H), 2.4 (m, 4H), 2.0 (m, 2H), 1.75 (m, IH). 

Preparation 44. Racemic 3-(l-Ben2y]-3-rranj-methy]-pipcridin-4-yloxy)-phenylamine 




and 11^ 
Trans Isomer 1 j^gns Isomer 2 




Heat a mixture of l-benzyl-3-?ran5'-methyl-4-(3-bromo-phenoxy)piperidine 
(preparation 27, 2.50 g), benzhydrylideneamine (1 .509 g), 2,2'-bis(diphenylphosphino)- 
1 , 1 *binaphthyl (0. 1 73 g) and sodium ^butoxide (0.934 g) in toluene (1 00 mL) at 1 OO^C. 
After 10 min., add tris(dibenzylidineacetone)-dipal]adium(0) (127 mg) and heat at 100°C. 
After 4 hr., add concentrated hydrochloric acid (4 mL) to the resulting benzhydrylidene- 
[3-(l-benzyl-3-methyl-piperidin-4-yloxy)-phenyl]-amine mixture and heat for 20 min. at 
1 OO^'C. Partition between ethyl acetate and saturated aqueous NaClaqueous NaCl. Easily 
the aqueous phase with 5N NaOH, extract with dichloromethane, dry over anliydrous 
sodium sulfate, evaporate and purify on a 35 g silica gel column eluting with 
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dich]oromethane-2M NH3 in methanol, gradient to give the crude title compound (1 .602 
g). Mass spectrum (electrospray) miz = 297 (M+l); 'h NMR (CDCI3): 7.32 (m, 4H), 
7.26 (m, IH), 7.03 (m, IH). 6.33 (m, IH), 6.28 (m, IH), 6.25 (m, IH), 3.73 (m, IH), 3.62 
(br s, 2H), 3.51 (s, 2H), 2.85 (m, 2H), 2.09 (m, 2H), 1.97 (m, IH), 1.83 (m, IH), 1.65 (m, 
IH), 0.97 (d, J= 6.3 Hz, 3H). 

Preparation 45. 3-(l-Ben2yl-3-/ranj-methyl-piperidin-4-yloxy)-phenylamine isomer 1 
and 2 



Resolve the racemic 3-(l-benzyl-3-/ra/w-methyl-piperidin-4-yloxy)-phenylamine 
(preparation 44) using Charalpak AD™/100% acetonitrile into isomer 1 (574 mg) and 2 
(672 mg). 

Preparation 46. 2-Chloro-6-(l-methyl-piperidin-4-y]oxy)-pyridine 



Add sodium hydride (60% dispersion in mineral oil, 5.4 g, 135.1 mmol) to DMF 
(100 mL) and cool to 0 °C. Add 4-hydroxy-l-methylpiperidine (15.6 g, 135.1 mmol) in 
DMF (100 mL). Warm the reaction to room temperature over 1 hr., add, in portions, 2,6- 
dichloropyridine (20.0 g, 135.1 mmol) as a solid. Stir the reaction and heat at 120 "C for 
12 hr. Cool the reaction to room temperature and partition between diethyl ether and 
water. Extract 3 times with diethyl ether, combine organics and wash with saturated 
aqueous NaCl, dry over MgS04, and concentrate. Chromatograph (silica gel, eluting with 
ethylacetate, then 5% 2 M NHs-methanol/ethylacetate), to provide the title compound as a 
pale yellow liquid (25.5 g, 83% yield). Mass spectrum (ion spray): m/z = 227.1 (M+1); 
'H NMR: 5 (CDCI3, ppm) 7.46 (t. J = 7.2 Hz, 1 5.6 Hz. IH), 6.82 (d, J = 6.3 Hz, IH). 6.59 
(d, J = 8.0 Hz. IH), 5.03 (m. IH), 2.66 (bs, 2H), 2.28 (bs, 5H), 2.00 (m, 2H), 1 .80 (m, 
2H); Anal cald for CnHijClNzO-O.S H2O: Theory: C, 54.80; H, 6.94; N, 1 1 .62. Found: 
C, 54.51; H, 6.20; N. 11.60. 




Trans Isomer 1 



Trans Isomer 2 
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Preparation 47, 2.(KAllyl-2-methyl.piperidin-4.yloxy).6.chloro-pyrid^ 

xrxx 



Using a method similar to preparation 46, using N-a]]yl-2-methy]-4- 
hydroxypiperidine (preparation 10), gives the title compound as the free base (61% yield) 
'H NMR (CDCI3): 7.5 (dd, IH), 6.8 (d, IH). 6.6 (d. IH). 5.9 (m. IH). 5.2 (m, 2H), 5.0 (m, 
IH), 3.5 (m, IH), 3.0 (m. 2H). 2.45 (m, IH), 2.3 (m. IH), 2.2 (m, 2H), 1.7 (m. IH), 1.5 
(m, IH), 1.2 (d, 3H). 

Preparation 48. 4K6-CMoro-pyridin-2-y]oxy)-ci5-2-methyl-piperidine-l^aitoxylic acid 
/e77-buty] ester isomer 2 



Add sodium hydride (95%, 0.318 g) to a solution of 4-hydroxy-cw-2-methyl- 
piperidine-l-carboxylic acid tert-butyl ester isomer 2 (preparation 3. 2.465 g) in DMSO 
(100 mL) and heat in an oil bath at 65»C. After 30 min., add 2,6-dichloropyridine (1 .864 
g) and heat at 100°C. After 4 hr., partition between ethyl acetate-hexane (1:4) and 
saturated aqueous NaClaqueous NaCl. diy over anhydrous sodium sulfate, evaporate and 
purify on a 35 g siKca gel column eluting with ethyl acetate-hexane (1 :39) to give the title 
compound (3.26 g). 'HNMR (CDCb): 7.50 (t, IH), 6.87 (d, IH), 6.61 (d. IH). 5.38 (m, 
IH), 4.35 (m, IH), 3.89 (m. IH), 3.22 (m, IH). 1.93 (m. 3H). 1.75 (m. IH), 1.46 (s, 9H)' 
1.26 (d,3H). 



Preparation 49. 4-(6-Chloro-pyridin-2-y]oxy)-2-methyl-piperidine-l-carboxyIic acid tert- 
butyJ ester cis isomer 1 
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Using a method similar to prq}aration 48, using 4-hydroxy-2-methyl-piperidjne-l - 
carboxylic acid tert-butyl ester cis 1 (preparation 2), gives the title compound (88% yield). 
'H NMR (CDCI3): 7.5 (dd, IH), 6.9 (d, IH), 6.6 (d, IH). 5.4 (m. IH), 4.4 (m. IH), 3.9 (m. 
IH). 3.2 (m, IH), 1.9 (m, 3H), 1.75 (m, IH), 1.45 (s, 9H), 1.25 (d, 3H). 

Preparation 50. 4-(6-Ch]oro-pyridin-2-yloxy)-2-methyl-piperidine-l-carboxyljc acid teri- 
butyl ester trans isomer 1 




Using a method similar to preparation 48, using 4-hydroxy-2-methyl-piperidine-l- 
carboxylic acid tert-hn\y] ester trans isomer 1 (preparation 2) gives the title compound 
(41% yield). 'H NMR (CDCI3): 7.5 (dd. IH), 6.85 (d, IH), 6.6 (d. IH). 5.3 (m, IH), 4.6 
(m, IH), 4.1 (m, IH), 3.0 (m. IH), 2.2 (m, IH). 2.0 (m, IH). 1.7 (m, IH). 1.5 (m, IH), 
1.45 (s, 9H), 1.25(d. 3H). 

Preparation 51. 2-(l-Benzyl-3-methyl-piperidin-4-yloxy)-6-chloro-pyridine (4 isomers) 

Using a method similar to preparation 48, using racemic l-benzyl-4-hydroxy-3- 
methyl-piperidine (preparation 5) gives the title compound. 'H NMR (CDCI3): 7.48 (dd, 
IH), 7.30 (m, 5H), 6.84 (d, IH), 6.62 (d, IH), 4.66 (m, IH), 3.54 (s, 2H), 2.88 (m, 2H), 
2.21 (m, 2H), 1.92 (m, 2H), 1.63 (q, IH), 0.92 (d, 3H). 

Preparation 52. 6-(l-Benzyl-3-methyl-piperidin-4-yloxy)-pyridin-2-y]amine (cw isomers) 




Using a method similar to preparation 48, using racemic l-ben2yl-cw-3-methy]- 
piperidin-4-oI (preparation 6) gives the title compounds (84% yield). Mass spectrum 
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(electrospray): m/2r=317.2 (M+1); NMR (CDCI3): 7.48 (dd, IH), 7.26 (m, 5H), 6.84 (d, 
IH), 6.64 (d, IH), 5.20 (m, IH), 3.52 (s, 2H), 2.55 (m, 2H), 2.31 (m, 2H), 2.06 (m, 2H), 
1.83 (m, 1H),0.95 (d, 3H). 

5 Preparation 53. Racemic 2-(l-benzyl-3-/ran^-iiiethyl-piperidin-4-yloxy)-6-chloro- 
pyridine 




Combine racemic l-benzyl-3-/ran5'-methyl-piperidin-4-ol (preparation 713.356 g) 
and l-methyl-2-pyrrolidinone (50 mL) and add sodium hydride (95%, 1 .81 g) and heat in 

10 an oil bath at lOO^'C. After 30 min., add 2,6-dichloropyridine (1 1.55 g) and heat at 100°C. 
After 18 hr., partition between ethyl acetate-hexane (1 :4) and saturated aqueous NaCl, dry 
over anhydrous sodium sulfate, evaporate and purify on two silica gel columns eluting 
with: ethyl acetate-hexane (1:9) to give of the title compound (17.25 g). Mass spectrum 
(electrospray) m/z = 317 (M+1), 319 (M+2+1); NMR (CDCI3): 7.48 (t, IH), 7.32 (m, 

15 4H), 7.26 (m, IH), 6.84 (dd, IH), 6.61 (dd, IH), 4,68 (m, IH), 3.52 (s, 2H), 2.87 (m, 2H), 
2.12 (m, 2H), 1.98 (m, IH), 1.88 (m, IH), 1.62 (m, IH), 0.91 (d, J= 6.7 Hz, 3H). (file: 
mn4-a01246-184) 

Preparation 54. 2-( 1 -Benzyl-2,2-dimethyl-piperidin-4-yloxy)-6-chloro-pyridine 




Combine 1 -benzyl-2,2-dimethyl-piperidin-4-ol (preparation 9) 1.08 g, 4.92 mmol), 
N,N-dimethylfonnamide (20 mL) and 95% sodium hydride (0.12 g, 4.92 mmol) and stir. 
After 30 min., add 2,6-dichloropyridine (0.67 g, 4.52 nrmiol), stir and heat at ]20°C. After 
18 hr., cool to ambient temperature and partition between water (100 mL) and ethyl 
25 acetate (1 00 mL). Separate the organic layer and wash the aqueous layer with ethyl 
acetate (2x1 00 mL). Combine the organic layers, wash with water (5x100 mL), wash 
with aqueous NaCl solution, dry over sodium sulfate, filter and concentrate. Purify the 
residue by silica gel flash chromatography eluting with 9:1 hexane:ethy] acetate to obtain 
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of the title compound (0.57 g, 38%). Mass spectrum (electrospray): m/2=331.1 (M+1); 

NMR (CDCI3): 7.5 (dd, IH), 7.3 (m, 5H), 6.8 (d, IH), 6.6 (d, IH), 5.2 (m, IH), 3.9 (d, 
IH), 3.2 (d, IH), 2.65 (m, IH), 2.4 (m, IH), 2.0 (m, 2H), 1.7 (m, IH), 1.6 (m, IH), 1.3 (s, 
3H), 1.2(s,3H). 

Preparation 55: 2-bromo-6-(l -(S)-phenylethyl-2-c/5-(R)-methyl-piperidin-4- 
yloxy)pyridine 




Add N-(S)-Phenethyl-2-(R)-Methyl-piperidin-4-(R)-ol (preparation 8, 14.6 g, 66.6 
mmol) to a solution of 60% NaH (4g, 99.9 mmol) in NMP (1 16 mL) at room temperature. 
After 1 5 min., warm the reaction mixture to 50°C for 2 hr. or until the end of the H2 
release. Quickly add 2,6-dibromopyridine (16 g, 67.93 mmol) at 50°C, then heat the 
reaction mixture at 100°C for 2.5 hr. Cool the reaction mixture to room temperature and 
add aqueous NaCl (200 mL) and water (1 OOmL). Extract the aqueous layer with MTBE 
(3X200 mL). Combine the organic fractions and dry over MgS04, filter, and concentrate 
under reduce pressure. Further purify the crude product on silica gel, to obtain the title 
compound (87%). 

Preparation 56. 2-Chloro-6-( 1 -cyclopropylmethyl-piperidin-4-yloxy)-pyridine 

Add NaH (60% dispersion in oil, 130 mg, 3.25 mmol) to a solution of 1 - 
cyclopropylmethyl-piperidin-4-ol (prqDaration 1 1, 458 mg, 2.95 mmol) in DMF (8 mL) 
and stir for 20 rain. Then add 2,6-dichIoropyridine to the mixture and heat at 120 ""C 
overnight. Quench the reaction with saturated NaHCOa, extract with methylene 
dichloride three times. Combine the organic layers, wash with saturated NaCl solution, 
dry over Na2S04, filter and concentrate to give a residue. Chromatography (silica gel) 
eluting with 4% 2M NHa-methanol in methylene dichloride provides 480 mg (61%) of the 
title compound: mass spectrum (ion spray): m/z = 267.2 (M+1); ^H NMR (CDCI3, ppm): 
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7.39 (t, IH), 6.75 (d, IH), 6.52(d, IH), 4.96 (m, IH), 2.75 (m, 2H), 2.30 (m, 2H), 2.] 9 (d, 
2H), 1.97 (m, 2H), 1.75 (m, 2H), 0.76 (m. IH), 0.43 (m, 2H), 0.00 (m, 2H). 

Preparation 57 . 4-(6-Chloro-pyridin-2-yloxy)-piperidine-]-cari>oxy]ic acid tert-hutyl ester 



Add NaH (60% dispersion in oil, 420 mg, 10.5 mmol) to a solution of N-if-Boc-4- 
hydroxypiperidine (2.013 g, 10 mmol) in DMSO (20 mL) and stir for 20 min. Then add 
2,6-dichloropyridine (1 .479 g, 1 0 mmol) to the above mixture and heat at 1 1 0 °C for 1 2 
hr. Quench the reaction with O.IN NaOH, extract with ether/ethyl acetate (4:1) three 
times. Combine the organic layers, wash with saturated NaCl solution, dry over Na2S04, 
filter and concentrate to give a residue. Chromatography (silica gel) eluting with 8% ethyl 
acetate in hexanes provides 2.256 g (72%) of the title compound: mass spectrum (ion 
spray): m/z = 335.0 (M+Na); 'H NMR,(CDCl3, ppm): 7.52 (t, IH), 6.89 (d. IH), 6.64 (d, 
IH), 5.24 (m, IH). 3.77 (m, 2H), 3.32 (m, 2H), 2.00 (m. 2H), 1 .76 (m, 2H). 1.49 (s. 9H). 

Preparation 58. 2-Chloro-6-(l -methy]-piperidin-4-yloxy)-pyridine 



Using a similar method to preparation 56, using 4-hydroxy-l-methy]piperidine 
(2.303 g, 20 mmol) and DMSO (40 mL) as the solvent, provides 3.484 g (77%) of the title 
compound: mass spectrum (ion spray): m/z = 228.0 (M+1); 'H NMR (CDCI3, ppm): 7.52 
(t, IH), 6.88 (d, IH), 6.64 (d, IH), 5.09 (m, IH), 2.72 (m, 2H). 2.33 (m, 5H), 2.05 (m, 
2H), 1.86 (m, 2H). 
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Preparation 59: 2.amino-6-(l -(S)-phenylethyl-2-cw-(R)-methyl-piperidin-4- 
yloxy)pyridine: 

H^N N a 




Add 7 M NH3 in ethyleneglycol (58.28 mL, 408 mmol) and copper (I) oxide 
(58.38mg, 0.408 mmol) to a solution of 2-bromo-6-(l-(S)-phenyIethyl-2-cw-(R)-methyl- 
piperidin-4-yloxy)pyridine (preparation 55, 15.3g, 40.8 mmol) in NMP (20 ml) in an 
autoclave. Sealing the autoclave and warm the mixture to 85 °C for 20 hr. Cooling the 
reaction mixture to room temperature and add water (80 mL) and 10 M NaOH (16 mL). 
Extract the aqueous layer with cyclohexane (3x200 mL). Combine the organic layera, dry 
over MgS04, filter and concentrate under reduce pressure to obtain the crude title 
compound (13.5 g). Filter on silicagel to provide the title compound (lOg, 95 % purity, 
85% corrected yield). 

Preparation 60. 6-(l -Methyl-piperidin-4-yloxy)-pyridin-2-ylamine 




Combine 2-chloro-6-(l-methyl-piperidin-4-yloxy)-pyridine (preparation 46, 7.0 g, 
31.0 mmol), Pd2(dba)3 (1.41 g, 1.5 mmol), (±)-BINAP (1.92 g, 3.0 mmol), sodium tert- 
butoxide (4.15 g, 43.0 mmol), and benzophenone imine (6.9 mL, 37.0 mmol), heat at 
SO'C in 200 mL of toluene. After 18 hr., cool the reaction to room temperature, and 
partition between ethylacetate and water. Extract with ethylacetate (IX), and methylene 
dichloride (2X), combine organics and dry over MgS04, and concentrate. Dissolve 
residue in of 1 :1 1 N aqueous HCl/THF (200 mL), stir at room temperature. After 2 hr., 
adjust aqueous layer to pH > 1 0 with 5 N NaOH. Partition between ethylacetate and 
water, extract aqueous layer with ethylacetate (IX) and methylene dichloride three times. 
Combine organics, dry over MgS04, concentrate, and ftirther purify by chromatography 
(silica gel, eluting with 0-20% 2 M NH3 in methanol/ethylacetate), to obtain the title 
compound (6.3 g, 99% yield). Mass spectrum (ion spray): m/z = 208.1 (M+1); Anal cald 
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for C„H,7N3O-Ha 0.85 H2O: Theory: C, 51.00; H, 7.67; N. 16.22. Found: C, 50.72; H, 
7.27; N, 16.22. 

Preparation 61. 4-[6-(Benzhydrylidene-amino)-pyridin-2-yloxy]-2-methyl-pjperidine- 1 - 
carboxylic acid /ert-butyl ester cis isomer 1 




Combine 4-(6-chloro-pyridin-2-y]oxy)-2-methyl-piperidine-l -carboxylic acid tert- 
buty] ester cis isomer 1 (preparation 49, 4.50 g, 13.77 mmol), toluene (150 mL), 
benzhydrylideneamine (3.0 g, 16.52 mmol), sodium-t-butoxide (1.85 g, 19.28 mmol), and 
2.2'-bis(diphenylphosphino)-l,l '-binaphthyl (0.343 g, 0.55 mmol), stir and heat at lOO'^C. 
After 10 min., add tris(dibenzylideneacetone)-dipalladium(0) (0.252g, 0.275 mmol), stir 
and heat at 100°C. After 3 hr., cool to ambient temperature. Partition between water (200 
mL) and 4:1 hexane:ethyl acetate (200 mL). Separate the aqueous fraction and wash 
again with 4:1 hexane:ethyl acetate (200 mL). Dry the combined organic layers over 
sodium sulfate, filter and concentrate. Purify the residue by silica gel flash 
chromatography eluting with 9:1 :0.2 hexane:ethyl acetate:2M ammonia/methanol to 
obtain the title compound (6.08 g, 94%). 'H NMR (CDCI3): 7.8 (d, 2H), 7.45 (m, 4H), 
7.3 (m, 3H), 7.2 (m, 2H), 6.3 (dd, 2H), 5.1 (m, IH), 4.2 (m. IH), 3.8 (m. IH), 3.2 (m, IH). 
1.6 (m, 4H), 1.5 (s, 9H), 1.2 (d, 3H). 

Preparation 62. 4-[6-(Benzhydryljdene-amino)-pyridin-2-yloxy]-cis-2-methyl-piperidine- 
1 -carboxylic acid /er/-butyl ester isomer 2 



1 1^ 
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Combine 4-(6-ch]oro-pyridin-2-y]oxy)H;is-2-methy]-piperidine-l-carboxylic acid 
ter/-butyl ester isomer 2 (preparation 48, 0.725 g), benzhydrylideneamine (0.482 g), 
recemic-2,2'-bis(dipheny]phosphino)-l,rbinaphthy] (55 mg) and sodium r-butoxide 
(0.299 g) in toluene (20 mL) and heat at 100°C. After 1 0 min., add 
tris(dibenzylidineacetone).dipalladium(0) (41 mg) and heat at 100°C. After 2.5 hr., 
partition between ethyl acetate-hexane (1:4) and saturated aqueous NaCl, dry over 
anhydrous sodium sulfate, evaporate and purify on a 1 0 g silica gel column eluting with 
dichloromethane-2M NH3 in methanol, gradient) to give the crude title compound (1.19 
g). Mass spectrum (electrospray): m/z==472 (M+1). 

Preparation 63. 4-(6-Amino-pyridin-2-yloxy)-2-methyl-piperidine-l-carboxylic acid tert- 
butyl ester cis isomer 1 

xj o 

o ' 

Combine 4-[6-(benzhydiylidene-amino)-pyridin-2-yloxy]-2-methyl-piperidine-l- 
carboxylic acid /err-butyl ester cis isomer 1 (preparartion 61), methanol (1 50 mL), sodium 
acetate (2.54 g, 30.94 mmol), and hydroxylamine monohydrogen chloride (1.61 g, 23.2 
mmol) and stir. After 30 min., partition between 0.25 M sodium hydroxide solution (100 
mL) and 1 :1 hexane:ethyl acetate (300 mL). Combine organic layers, wash with aqueous 
NaCl solution, dry over sodium sulfate, filter and concentrate. Purify the residue by silica 
gel flash chromatography eluting with 9:1:0.2 hexane:ethyl acetate:2M 
ammonia/methanol to obtain the title compound (2.81 g, 70%). 'HNMR (CDCla): 7.3 
(dd, IH). 6.05 (m, 2H). 5.3 (m, IH), 4.3 (m, IH), 4.25 (bs, 2H). 3.85 (m, IH), 3.25 (m, 
IH), 1.9 (m, 3H), 1.7 (m, IH), 1.5 (s, 9H), 1.3 (d, 3H). 

Preparation 64. 4-(6-Amino-pyridin-2-yloxy)-cij-2-methyl-piperidine- 1 -carboxylic acid 
zert-butyl ester isomer 2 
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Combine 4-[6-(benzhydiyHdene-amino)-pyridin-2-yloxy]-cw-2-me%l-piperidine- 
1-carboxylic acid tert-butyl ester isomer 2 preparation 62. 1.19 g) in methanol (30 mL), 
add sodium acetate (0.497 g), and hydroxyamine hydrochloride (0.3 16 g) and stir at room 
temperature. After 1 hr., partition between dichloromethane and saturated aqueous NaCl, 
dry over anhydrous sodium sulfate, evaporate and purify on a silica gel column, eluting 
with dichloromethane-2M NH3 in methanol, gradient) to give the title compound (0.687 
g). 'HNMR (CDCI3): 7.33 (t, IH), 6.03 (m, 2H), 5.25 (m, IH), 4.33 (m, 3H). 3.87 (m. 
IH), 3.25 (m, IH), 1.91 (m, 3H), 1.73 (m, IH). 1.46 (s. 9H), 1.27 (d, 3H). 

Preparation 65. Racemic 6-(l-benzyl-3-rr<j«j-methyl-piperidin-4-yloxy>pyridin-2- 
ylamine 




Combine racemic 2-(l -benzyl-3-rra«j-methyl-piperidin-4-yloxy)-6-ch]oro- 
pyridine (preparation 53, 10.32 g), benzhydrylideneamine (7.08 g), racemic-2,2'- 
bis(diphenylphosphino)-l,rbinaphthyl (0.81 1 g) and sodium f-butoxide (4.38 g) in 
toluene (200 mL) and heat at 100°C. After 15 min., add tris(dibenzylidineacetone)- 
dipalladium(O) (0.596 g) and heat at 100°C. After 4 hr., add concentrated hydrochloric 
acid (10 mL) to the resulting benzhydrylidene-[6-(l-benzyl-3-fra«j-methyl-piperidin-4- 
yloxy)-pyridin-2-yl]-amine and heat at 1 00°C. After for 30 min., partition between ethyl 
acetate and saturated aqueous NaCl. Basify the aqueous phase with 5N NaOH and extract 
with ethyl acetate and dry over anhydrous sodium sulfate, evaporate and purify on a silica 
gel column eluting with dichloromethane-2M NH3 in methanol, gradient to give the title 
compound (7.6 g, 78% yield). Mass spectrum (electrospray) m/z = 298 (M+1); 'H NMR 
(CDCI3): 7.33 (m, 5H), 7.26 (m, IH), 6.06 (d, IH), 6.02 (d, IH), 4.51 (m, IH), 4.22 (br s, 
2H), 3.52 (s. 2H), 2.85 (m, 2H), 2.15 (m, 2H), 1.97 (m, IH). 1.85 (m, IH), 1.63 (m. IH), 
0.92 (d, J= 6.7 Hz, 3H). 
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Preparation 66. 6-(l -Ben2yl-2,2-dirnethyl-piperidm-4-yloxy)-pyridin-2-y]ainine 




Combine 2-(l-ben2yl-2,2-diniethy]-piperidin-4-yloxy)-6-chloro-pyridine 
(preparation 54, 0.57 g, 1.72 mmol), benzhydrylideneamine (0,31 g, 1.72 mmol) and 
5 toluene (20 mL), add sodium-t-butoxide (0.22 g, 2.24 mmol), 2,2'- 

bis(diphenylphosphino)-l,l '-binaphthyl (0.043 g, 0.69 mmol), stir and heat at 80^*0. 
After 10 min., add tris(dibenzylideneacetone)-dipalladium(0) (0.032 g, 0.345 mmol), stir 
and heat at 80**C. After 16 hr., add tris(dibenzylideneacetone)-dipalladium(0) (0.032 g, 
0.345 mmol) and continue heating. After additional 24 hr., cool to ambient temperature. 

10 Partition between water (50 mL) and ethyl acetate (50 mL). Separate the organic layer, 

wash with aqueous NaCl solution (50 mL), diy over sodium sulfate, filter and concentrate. 
Dissolve residue in tetrahydroftiran (80 mL) and treat with IM aqueous hydrochloric acid 
(30 mL) with stirring. After 1 hr., make the reaction mixture basic by adding 2M aqueous 
sodium hydroxide solution; extract with ethyl acetate. Separate the organic layer, dry 

15 over sodium sulfate, filter and concentrate. Purify residue by silica gel flash 

chromatography eluting with 5% (2M ammoida/methanol)/ dichloromethane to of impure 
title compound (0.50 g). Mass spectrum (electraspray): m/z=31 2.2 (M+1). 

Preparation 67. 6-(l -Allyl-'2-methyl-piperidin-4-y]oxy)-pyridin-2-y]amine 



20 




Using a method similar to preparation 66, using 2-chloro-6-(l-Allyl-2-methyl- 
piperidin'4-yloxy)pyridine (preparation 47) gives the title compound (41%). Use this 
product as is in subsequent steps without characterization to obtain compounds of the 
present invention.. 

25 
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Preparation 68. 6-(l-Benzyl-3-methyl-piperidm-4-yloxy)-pyridin-2-ylainine(4 isomers) 




Using a method similar to preparation 66, using 2-ch]oro-6-(l -benzyl-3-methyl- 
piperidin-4-y]oxy)pyridine (preparation 51 , gives the title compound (39%). 'H NMR 
(CDCI3): 7.35 (m, 6H), 6.08 (d, IH), 6.02 (d, IH), 4.51 (m, IH), 4.23 (s, 2H), 3.54 (bs, 
2H), 2.89 (m, 2H), 2.14 (m, 2H), 1.93 (m, 2H). 1.63 (m. IH). 0.94 (d, 3H). 

Preparation 69. 6-(l-Benzyl-3-methyl.piperidin-4-yIoxy)-pyridin-2-ylamine isomers 1 
and 2 




Isomer 1 Isomer 2 

Using a method similar to preparation 66, using racemic 2-chloro-6-(l-ben2yI-cu 
.. 3Tniethyl-piperidin-4-yloxy)pyri.dine (preparation 52), and resolving on a Chiralcel OJ™ 
4.6x250 mm column eluting with 20/5/75 IPA/methanol/Heptane w/0.2% DMEA at a 
flow rate of 1 .0 mL/min. to obtain the two cis enantiomers: Mass spectrum 
(electrospray): m/z=298.2 (M+1). 

Preparation 70. 6-( 1 -cyclopropylmethy]-piperidin-4-y]oxy)-pyridin-2-y]amine 




Combine 2-chloro-6-(] -cyclopropylmefliyl-piperidin-4-yloxy)-pyridine 
(preparation 56, 480 mg, 1 .80 mmol), benzophenone imine (391 mg, 2.1 6 mmol), BINAP 
(67 mg, 0.1 1 mmol), pd2(dba)3 (33 mg, 0.036 mmol), sodium r-butoxide (242 mg, 2.52 
mmol) and toluene (8 mL) and heat at 100 °C for 14 hr. Quench the reaction with 
saturated NaHCOj solution, extract with ethyl acetate three times. Combine the organic 
layers, dry over Na2S04, filter and concentrate under reduced pressure to give a residue. 
Dissolve the residue in THF (1 0 mL), add 5N HCl (1 .0 mL) and stir for 30 min. Dilute 
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10 



15 



20 



25 



the mixture with O.IN HCl solution, extract twice with ethyl acetate-hexanes (1 :2). Keep 
the aqueous layer and adjust pH>l 1 with 5N NaOH solution, extract with methylene 
dichloride three times. Combine the organic layere, dry over Na2S04, filter and 
concentrate to give a residue. Chromatography (silica gel) eluting with 7% 2M NH3- 
methanol in methylene dichloride provides 3] 0 mg (70%) of the title compound as a 
white solid: mass spectrum (ion spray): m/z = 248.1 (M+1); NMR (CDCI3, ppm): 7.23 
(t. IH), 5.95 (pseudo-t, 2H), 4.81 (m, IH), 4.14 (s. br, 2H), 2.76 (m, 2HX 2.26 (m, 2H), 
2.18 (d, 2H). 1.92 (m, 2H), 1.71 (m, 2H), 0.80 (m, IH), 0.44 (m, 2H), 0.00 (m, 2H). 

Preparation 71 . 4-(6-Amino-pyridin-2-yloxy)-piperidine-l-carboxylic acid tert-hutyl ester 

O I 

Combine 4-(6-chIoro-pyridin-2-y]oxy)-piperidine-l-carboxylic acid tert-huty] 
ester (preparation 57, 2.256 g, 7.2 mmol), benzophenone imine (1.568 g, 8.6 mmol), 
BINAP (269 mg, 0.43 mmol), Pd2(dba)3 (132 mg, 0.144 mmo]), sodium /-butoxide (969 
mg, 1 0.08 mmol) and toluene (50 mL) and heat at 95 °C for ] 2 hr. Quench the reaction 
with saturated NaHCO, solution, extract with ethyl acetate three times. Combine the 
organic layers, dry over Na2S04, filter and concentrate to give a residue. Dissolve the 
residue in methanol (70 mL), add sodium acetate (1 .42 g, 17.3 mmol) and hydroxylamine 
hydrochloride (900 mg, 13 mmol), stir at room temperature for 30 min. Partition between 
IN NaOH and CH2CI2. extract the aqueous layer twice with CH2CI2. Combine the organic 
layers and wash with saturated NaCl solution, dry over Na2S04, filter and concentrate to 
give a residue. Chromatography (silica gel, eluting with 12-25% ethyl acetate in hexanes) 
provides 2.06 g (98%) of the title compound as a yellow solid: mass spectrum (ion 
spray): 294.1 (M+1); 'H NMR (CDCI3, ppm): 7.35 (t, IH). 6.08 (d, IH), 6.06 (d, IH), 
5.09 (m, IH), 4.32 (s, br, 2H), 3.75 (m, 2H), 3.29 (m, 2H), 1.94 (m, 2H), 1.73 (m. 2H), 
1.49 (s,9H). 



Preparation 72. 6-(l -Methyl-piperidin-4-yloxy)-pyridin-2-ylamine 
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Using a method similar to preparation 70, using 2-chloTO-6-(l-methyl-piperidin-4- 
yloxy)-pyridine (preparation 58, 1 .525 g, 6.73 mmol) provides 1.097 g (79%) of the title 
compound: mass spectrum (ion spray): m/z = 208.0 (M+1); 'H NMR (CDCI3, ppm): 7.34 
(t, IH), 6.06 (m 2H), 4.92 (m, IH), 4.26 (s, br, 2H), 2.72 (m, 2H), 2.32 (m, 5H), 2.05 (m, 
5 2H), 1.82(m,2H). 

. Preparation 73 . N-[6-(l-Methy]-piperidin-4-y]oxy)-pyridin-2-yl]-acetamide 

Add acetyl chloride (118 mg, 0.1 1 mL, 1.50 mmol) slowly to a solution of 6-(l- 
1 0 methyl-piperidin-4-yloxy)-pyridin-2-ylamine (preparation 72, 260 m& 1 .25 mmol) in 

triethylamine (190 mg, 0.26 mL, 1.88 mmol) and THF (10 mL), heat at 40 °C overnight. 

Quench the reaction with O.IN NaOH, extract with methylene dichloride three times. 

Combine flie organic layers, dry over Na2S04, filter and concentrate to give a residue. 

Chromatography (silica gel) eluting with 4.5% 2M NHs-methanol in methylene dichloride 
15 provides 238 mg (76%) of the title compound as an oil: mass spectnmi (ion spray): m/z = 

250.0 (M+1); *H NMR (CDCI3, ppm): 7.70 (m, 2H), 7.56 (t, IH), 6.44 (d, IH), 4.91 (m, 

IH), 2.68 (m, 2H), 2,34 (m, 5H), 2.20 (s, 3H), 2,00 (m, 2H), 1.81 (m, 2H). 

Preparation 74 . Ethyl^[6-(1 -methy]-piperidin-4-yloxy)-pyridin-2-yl]-amine 




Add LiAlH4 (108 mg, 2.85 mmol) to a solution of N-[6-(l-methyl-piperidin-4- 
yloxy)-pyridin-2-yl]-acetamide (preparation 73, 238 mg, 0.95 mmol) in THF (10 mL) and 
heat at reflux for 3 days. Quench the reaction with water, add IN NaOH and water, stir 
for 30 min. Extract with methylene dichloride three times, combine the organic layers, 
25 dry over Na2S04, filter and concentrate to give a residue. Chiomatography (silica gel) 

eluting with 4% 2M NHa-methanol in methylene dichloride provides 1 1 0 mg (49%) of the 
title compound as a colorless oil: mass spectrum (ion spray): m/z = 236.0 (M+1); *H 
NMR (CDCI3, ppm): 7.34 (t, IH), 6.00 (d, IH), 5.90 (d, IH), 4.95 (m, IH), 4.30 (m, IH), 
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3.26 (m, 2H), 2.73 (m, 2H), 2.31 (s, 3H), 2.29 (m, 2H), 2.02 (m, 2H), 1.84 (m, 2H), 1 .25 
(t, 3H). 

Preparation 75. 4-(3-Fluoro-5-nitro-phenylsulfanyl)-l-niethyl-piperidine 




5 F 

Combine l-methyl-piperidine-4-'thiol (1.4 g, 10.67 nxmol) and N,N- 
dimethylfonnamide (10 mL) and cool to 0°C. Add 95% sodium hydride (0.28 g, 1 1 .20 
mmol), warm to ambient temperature and stir. After 40 min., add l,3-difluoro-5-nitro- 
benzene (1 .21 mL, 10.67 mmol), stir and heat at 65°C. After 3 hr., cool to ambient 
1 0 temperature and add water (50 mL). Extract with ethyl acetate (3x50 mL), wash 

combined organic layers with water (3x50 mL), aqueous NaCI solution (50 mL), dry 
organic layer over sodium sulfate, filter and concentrate. Purify residue by silica gel flash 
chromatography eluting with 10% (2M NH3/ methanol)/ methylene dichloride to obtain 
the title compound (0.31 g, 11%). Mass spectrum (electrospray): m/z = 271.1 (M+1). 

15 

Preparation 76. 3-(l-Methyl-piperidin-4-ylsulfanyl)-phenylamine 




Combine 3-amino-benzenethiol (1.87 mL, 17.83 mmol), 4-chloro-l-methyl- 
piperidine hydrochloride (2.0 g, 1 1 .76 mmol), cessium carbonate (8.42 g, 25.87 mmol), 

2,0 and dimethylfomiamide (60 mL), stir and heat at 80°C. After 1 8 hr., cool to ambient 
temperature and filter. Wash the filtrate with water (3x20 mL) and extract with diethyl 
ether (2x30 mL). Combine the organic layers, dry over magnesium sulfate, filter and 
concentrate. Purify through a plug of silica gel using dichloromethane/2.0 M ammonia in 
methanol (20:1 mixture ratio) to give the title compound as a pale orange oil (1.52 g, 

25 58%): Mass spectrum (ion spray): m/z = 223.1 (M+1), NMR (fi-ee base, CDCI3): 7.10 
(t, J = 7.8 Hz,lH), 6.84 - 6.80 (m, IH), 6.77 (t, J- 2.0 Hz, IH), 6.58 (ddd, J= 0,8, 2,2, 
8.0 Hz, IH), 3.69 (bs, 2H), 3.09 (bs, Ifl), 2.85 (m, 2H), 2.31 (s, 3H), 2.16 - 1.99 (m, 4H), 
1.79- 1.64 (m, 2H). '^CNMR (firee base, CDCI3): 146.7, 135.2, 129.4, 122.0, 118.4, 
113.7,55.1,46.1,43.6,32.5. 
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^^"^P^^ ^- ^-f3-(l-Methyl-piperidin-4-yloxy)-phenyl]-benzamide hydrochloride 




O 



HCI 



Add benzoyl chloride (0.062 mL. 0.534 mmol) to a solution of 3-(l-methyl- 
piperidin-4-yloxy).phenylamine (preparation 28, 102 mg, 0.494 mmol) in dioxane (3.5 
mL) in a sealed tube and heat at 1 10°C for 2 hr. Purification by SCX column, eluting 
with ammonia (2.0 N in methanol) gives the title compound as the free base (1 37 mg, 
91%). Dissolve the residue in diethyl ether and treat with ethereal hydrogen chloride (1 .0 
M). Triturate the resulting gum with ether to give the title compound as the hydrochloride 
salt (1 39 mg, off-white solid). Mass spectrum (free base,' ion spray): m/z = 3 11 .2(M+1), 
'H NMR (free base, CDCla): 7.97 (bs, N-H), 7.85 - 7.82 (m, 2H), 7.52 (tt, J = 1 .3 Hz, 7.3 
Hz. IH), 7.49 - 7.42 (m, 3H). 7.22 (t, 8.1 Hz, IH). 7.05 (d, J= 8.1 Hz, IH), 6.69 (dd, J 
= 2.1 Hz. 8.3 Hz, IH), 4.38 - 4.30 (bm, IH). 2.72 -. 2.62 (bm. 2H), 2.35 - 2.23 (bm, 5H), 
2.04 - 1.96 (bm, 2H), 1 .89 - 1.79 (bm, 2H). Analysis calculated for 
C,9H23ClN2O2.0.6H2O: C, 63.80; H, 6.82; N, 7.83. Found C, 63.67; H. 6.62; N, 7.83. 

Example 2. 2-Chloro-N-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 




CI 



HCI 

Combine 3-(l-methyl-piperidin-4-y]oxy)-phenylamine (preparation 28, 185 mg, 
0.90 mmol) in dichloromethane (9 mL), add pyridine (0.145 mL, 1.79 mmol) and stir at 
0°C for 5 min. Add 2-chloro-benzoyl chloride (0.142 mL, 1.12 mmol) and allow to warm 
to ambient temperature and stir. After 1 8 hr., dilute with dichloromethane (10 mL) and 
wash with sodium hydroxide ( IN, 3x 1 0 mL). Combine the organic layers, dry over 
sodium sulfate and concentrate under reduced pressure. Purify by flash chromatography, 
eluting with dichloromethane/ammonia (2.0 N in methanol) [20/1] to give the title 
compound as free base (1 12 mg, 36%). Dissolve the residue in diethyl ether and ti^t 
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with ethereal hydrogen chloride (1 .0 M). Triturate the resulting gum with ether to give 
the title compound as a white solid (1 15 mg). Mass spectrum (ion spray): m/z = 
345.1(M+1); 'H NMR (free base, CDCI3): 7.88 (bs, N-H), 7.76 (dd, J= 1.5 Hz, 7.3 Hz, 
IH), 7.52 (bs, IH), 7.47 - 7.36 (m, 3H), 7.28 - 7.24 (m, 2H), 7.03 (d, 7 = 8.0 Hz, IH), 6.72 
(dd. J= 8.2 Hz. 2.4 Hz. IH), 4.48 (bs, IH), 2.88 - 2.80 (bm, 2H), 2.66 - 2.56 (bm. 2H), 
2.45 (s, 3H), 2.22 - 2.13 (bm, 2H), 2.01 - 1.92 (bm, 2H). 

Example 3. 4-Fluoro-7V-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 

HCI 

Using amefliod similar to Example 2, using 4-fluoro-benzoyl chloride (0.154 mL, 
1 .30 mmol), gives the title compound as free base (250 mg, 73%). Following a method 
similar to Example 2 gives the title compound as the hydrochloride salt (259 mg, yellow 
solid). Mass spectrum (free base, ion spray): m/z = 329.2 (M+1), 'H NMR (free base, 
... CpCla): 7i>0 - 7.86 (m, 2H)J.80 (bs, N-H), 7.46 (t,/= 2.0 Hz, IH), 7.24 (t, J= 8.2 Hz. 
2H), 7.16 it,J= 8.5 Hz, 2H), 7.03 (d, J= 8.3 Hz, IH), 6.71 (dd, J= 2.1 Hz, 8.3 Hz, IH), 
4.43 - 4.36 (bm, IH), 2.78 - 2.69 (bm. 2H), 2.34 - 2.44 (bm, 2H), 2.35 (s, 3H), 2.1 1 - 2.03 
(bm, 2H), 1.94 - 1.85 (bm, 2H). Analysis calculated for C, 9H22C1FN2O2-0.5H2O: C, 
61.04; H, 6.20; N, 7.49. Found C, 60.96; H, 5.92; N, 7.79. 



Example 4. 2-Bromo-;V-[3-(l -methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 




Using a method similar to Example 1, using 2-bromo-benzoyl chloride (0.070 ml, 
0.534 mmol), gives the title compound as the free base (1 86 mg, 98%). Following a 
method similar to Example 1 gives the title compound as the hydrochloride salt (180 mg, 
off-white solid): Mp: 269''C (dec); mass spectrum (free base, ion spray): m/z = 
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389.0(M+]), 'h NMR (free base, CDCI3): 7.67 - 7.62 (m, 3H), 7.49 (bs, N-H). 7.42 (td, J 
= 1 .2 Hz, 7.6 Hz. IH), 7.33 (td, J= 1.8 Hz, 7.8 Hz, IH), 7.26 (t, J» 8.2 Hz, IH). 7.03 (d. 
J = 8.2 Hz, IH), 6.72 (dd, J = 2.4 Hz, 8.4 Hz, IH), 4.46 - 4.37 (bm, 1 H), 2.82 - 2.68 (bm, 
2H), 2.51 - 2.27 (bm. 5H). 2.17 - 2.04 (bm, 2H), 1.97 - 1.85 (bm, 2H). Analysis calculated 
for Ci9H22BrClN2O2«0.5H2O: C, 52.49; H, 5.33; N, 6.44. Found C, 52.56; H, 5.26; N, 
6.35. 

Example 5. 2,6-Difluoro-7^-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 



HCI 

Using a method similar to Example 1, add 2,6-difluoro-benzoyl chloride (0.68 ml, 
0.544 mmol) to a solution of 3-(l-methyl-piperidin-4-yIoxy)-pheny]amine (preparation 
24, 102 mg, 0.494 mmol) in dioxane (3.5 mL) in a sealed tube and heat at 110°C for 2 hr. 
Purification by SCX column, eluting with ammonia (2.0 N in methanol) gives the title 
compound as the free base (154 mg. 90%). Following a method similar to Example 1 
gives the title compound as the hydrochloride salt (147 mg, white solid). Mp: 1 36-8°C; 
mass spectrum (free base, ion spray): m/z = 347.1(M+1); 'H NMR (free base, CDCI3): 
7.62 (bs. N-H). 7.47 (s, IH), 7.42 (t,J= 2.0 Hz. 7.4 Hz, IH), 7.24 (t, J= 8.1 Hz. IH), 
7.04-6.97 (m, 3H), 6.73 (dd, J= 2.0 Hz, 8.1 Hz, IH), 4.43-4.35 (bm, IH), 2.75-2.67 (bm. 
2H), 2.39-2.33 (bm, 2H), 2.32 (s, 3H). 2.09-2.00 (bm, 2H), 1.92-1.82 (bm, 2H). Analysis' 
calculated for C,9H2iClF2N2O2-0.5H2O: C, 58.24; H, 5.66; N, 7.15. Found C, 58.56; H, 
5.50; N, 7.12. 

Example 6. 3.4-Difluoro-A^-r3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 



hydrochloride 





HCI 
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Using a method similar to Example 5, using 3,4-difluoro-benzoyI chloride (0.012 
mL), gives the title compound as the free base (33 mg, 100%). Following a method 
similar to Example 2 gives the title compound as the hydrochloride salt (1 0 mg, yellow 
solid). Mass spectrum (free base, ion spray): m/z = 347.1 (M+1); 'H ^fMR (free base, 
CDCI3): 8.00 (bs, N-H), 7.75 - 7.68 (m, IH), 7.63 - 7.58 (m, IH), 7.23 (dd,J= 8.3 Hz, 
16.4 Hz, IH), 7.04 (d,7= 7.8 Hz. IH), 6.70 (dd,J= 1.8 Hz, 8.3 Hz, IH), 4.36 - 4.29 (bm 
IH), 2.72 - 2.63 (bm, 2H), 2.35 - 2.25 (bm, 5H), 2.05 - 1 .96 (bm, 2H), 1 .89 - 1 .79 (bm, 
2H); Analysis calculated for C,9H2iClF2N2O2»0.25H2O: C, 58.92; H, 5.60; N, 7.23. 
Found C, 58.78; H, 5.56; N, 6.98. 

Example 7. 2,4-Difluoro-N-[3-(I -methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 



HCI 

Using a method similar to Example 5, using 2,4-difluoro-benzoyl chloride (0.060 
mL, 0.485 mmol) gives the title compound as the free base (145 mg, 86%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (143 mg, 
tan solid). Mass spectrum (free base, ion spray): m/z = 347.1 (M+1); 'h NMR (free base, 
CDCI3): 8.32 (bd, J= 15.3 Hz, N-H), 8.24 - 8.17 (m, IH), 7.49 (s, IH), 7.28 - 7.24 (m, 
IH), 7.09 - 7.02 (m, 2H). 6.97 - 6.91 (m, IH), 6.72 (dd,y = 2.3 Hz, 8.3 Hz, IH), 4.48 - 
4.40 (bm, IH). 2.83 - 2.73 (bm, 2H), 2.56 - 2.43 (bm, 2H). 2.40 (s. 3H), 2.19 - 2.07 (bm. 
2H), 1.99- 1.87 (bm,2H). 

Example 8. 2,6-Dichloro-JV-[3-(l -methyl.piperidin-4-yloxy)-phenyl]-benzamide 




hydrochloride 




HCI 
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Using a method similar to Example 5, using 2,6-dichloro-benzoyl chloride (0.076 
mL, 0.533 mmol) gives the title compound as the free base (1 70 mg, 92%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (1 63 mg, 
5 off-white solid). Mp: 170-1°C; mass spectrum (free base, ion spray): m/z = 379.1(M+1); 
'H NMR (free base, CDCl3):.7.46 - 7.43 (bm, 2H), 7.38 - 7.23 (m, 4H), 7.04 (d. J= 8.2 
Hz, IH), 6.74 (dd, J= 2.2 Hz, 8.2 Hz, IH), 4.43 - 4.37 (bm, IH), 2.77 - 2.68 (bm, 2H), 
2.43 - 2.34 (bm, 2H), 2.34 (s, 3H), 2.1 1 - 2.02 (bm, 2H), 1.94 - 1.84 (bm, 2H). Analysis 
calculated for C,9H2jCl3N2O2»0.5H2O: C, 53.73; H, 5.22; N, 6.60. Found C, 53.42; H, 
10 5.06; N, 6.58. 



Example 9. 2,4-Dich]oro-;V-[3-(l-methyl-piperidin-4-y]oxy)-pheny]]-benzamide 
hydrochloride 

HCI 

1 5 Using a method similar to Example 5, using 2,6-dichloro-benzoyl chloride (0.075 

ml, 0.534 mmol) gives the title compound as the free base (156 mg, 85%), Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (1 57 mg, 
white solid). Mp: 131-3''C; mass spectrum (free base, ion spray): m/z = 379,0(M+1); 'H 
NMR (fiiee base, CDCI3): 7.86 (bs, N-H), 7.73 (d. J= 8.4 Hz, IH), 7.48 (d, 7= 2.0 Hz, 

20 IH). 7.46 (bs. IH), 7.37 (dd,y= 2.0 Hz, 8.4 Hz, IH), 7.25 (t. J= 8.2 Hz, IH), 7.03 (d, J= 
8.2 Hz, IH), 6.73 (dd,7= 2.2 Hz, 8.4 Hz, IH), 4.45 - 4.36 (bm, IH), 2.80 - 2.69 (bm, 
2H), 2.49 - 2.36 (bm, 2H), 2.37 (s,.3H), 2.14 - 2.04 (bm, 2H), 1 .95 - 1.86 (bm. 2H); 
Analysis calculated for Ci9H2iCl3N2O2«0.5H2O: C, 53.73; H, 5.22; N. 6.60. Found C, 
53.56; H, 4.87; N, 6.50. 
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gxamplelO. 2-Ch]oro.6.fluoro-JV^[3^1.methy].piperidin.4.yl^ 
hydrochloride 




N. 

HCI 



Using a method similar to Example 5, using 2-chloro-6-fluoro-benzoyl chloride 
(1 06 mg, 0.549 mmol) gives the title compound as the free base (159 mg, 90%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 
salt (1 73 mg, off-white solid). Mp: 153-4''C; mass spectrum (free base, ion spray): m/z = 
363.1(M+1); 'H NMR (free base, CDCI3): 7.49 (bs, N-H), 7.46 (bs, IH), 7.39 - 7.33 (m, 
IH), 7.28 - 7.23 (m, 2H), 7.09 (t.7= 8.4Hz. IH), 7.03 (d.y= 8.2 Hz. IH), 6.73 (dd,J = 
2.1 Hz. 8.1 Hz, IH), 4.43 - 4.37 (bm, IH), 2.76 - 2.68 (bm. 2H), 2.43 - 2.34 (bm, 2H), 
2.34 (s, 3H), 2.10 - 2.02 (bm, 2H), 1.93 - 1.84 (bm, 2H); Analysis calculated for 
C,9H2,Cl2FN2O2-0.25H2O: C, 56.52; H, 5.37; N, 6.94. Found C, 56.68; H, 5.28; N, 7.02. 

^^^"^P^^^^- 2-CWoro-4-fluoro-;v^[3-(l-methyl-piperidin-4-yloxy).phenyl]-benzamidc 
hydrochloride 




HCI 

Using a method similar to Example 5, using 2-chloro-4-fluoro-benzoyl chloride 
(0. 1 38 mL, 1 .06 mmol) gives the title compound as the free base (1 52 mg, 86%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 
salt (156 mg, off-white solid). Mp: 2]3°C; mass spectrum (free base, ion spray): m/z = 
363.1(M+1); 'H NMR (free base, CDCI3): 8.68 (bs. IH). 7.43 - 7.32 (m. 2H). 7.1 3 - 6.87 
(m, 4H). 6.64 (bs. IH). 4.22 (bs. IH), 2.56 (bs. 2H). 2.19 (bs. 5H), 1.88 (bs. 2H), 1.75 (bs. 
2H). 
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10 



15 



20 



25 



ExamEjeia. 2.Chloro.^^ 
hycJrochloride 




HCI ^ 

Using a method similar to Example 5, using 2-cli]oro-4-fli,oro-ben26y] chloride 
(0.054 mL. 0.420 mmol) and 3-(l-ethyl-piperidin-4-yloxy>phenylamine (preparation 29) 
gives the title compound as the free base (131 mg, 91%). Following a method similar to 
Example 2 gives the title compound as the hydrochloride salt (130 mg. white solid). Mp: 
91 °C; mass spectrum (free base, ion spray): m/z = 377.2(M+1); 'h NMR (free base 
CDCl3):8.14(bs,N-H),7.68(dd.7=6.1 Hz.8.7Hz. IH), 7.40 (bs, IH), 7.21 (t,J=8 1 
Hz. IH), 7.14 (dd, J= 2.5 Hz, 8.3 Hz. IH), 7.06 - 7.01 (m, 2H). 6.70 (dd, J= 2 4 Hz 8 3 
Hz, IH), 4.38 - 4.31 (m. IH). 2.75 - 2.67 (bm. 2H). 2.41 (q. y = 7.1 Hz. 2H). 2.33 -2 24 
(bm. 2H). 2.04 - 1.97 (bm. 2H). 1.87 - 1.78 (bm, 2H). 1.08 (t, 7 = 7.4 Hz. 3H); Analysis 
calculated for C2oH23CbFN202.0.25H20: C, 57.49; H, 5.67; N, 6.70. Found C 57 45- H 
5.31; N, 6.59. ' » . 

ScamElell. 2-Ch]oro.N-[3-(l-ethyl-piperidin-4-yloxy)-pheny]]-6-fluoro-benzamide 
hydrochloride 




HCI ^ 

Using a method similar to Example 12, using 2,6-difluoro-ben2oyl chloride (0.054 
mL, 0.420 mmol) gives the title compound as the free base (100 mg, 69%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (1 03 mg 
white solid). Mp: 262-C (dec); mass spectrum (free base, ion spray): m/z = 377.2(M+1)- 
'H NMR (free base, CDCI3): 8.02 (bs. N-H). 7.40 (s, IH), 7.29 (dd. y = 7.2 Hz. 1 5.3 Hz. ' 
IH). 7.23 - 7.16 (m, 2H), 7.05 - 6.98 (m. 2H). 6.69 (dd, J = 1.9 Hz. 8.1 Hz. IH) 4 35 
4.29 (bm. IH), 2.73 - 2.66 (bm. 2H). 2.40 (q. y = 7.4 Hz, 2H). 2.29 - 2.22 (bm, 2H) 2 03 
- 1.95 (bm, 2H). 1.85 - 1.76 (bm. 2H). 1.07 (t.7= 7.1 Hz, 3H); Analysis calculated for 
C20H23CI2FN2O2.O.25H2O: C, 57.49; H. 5.67; N, 6.70. Found C, 57.14; H. 5.81; N. 6 52 
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Example 14. 2,4,6-Trifluoro-7/-[3-(l -methyl-piperidin-4-y]oxy)-phenyl]-benzamide 
hydrochloride 




5 Using a method similar to Example 5, using 2,4,6-trifluoro-benzoyl chloride (1 06 

mg, 0.545 mmol) gives the title compound as the free base (1 44 mg, 81%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (147 mg, 
off-white solid). Mp: \36''C (dec); mass spectrum (free base, ion spray): m/z = 
365.1(M+1), 'H NMR (free base, CDCI3): 7.60 (bs, IH), 7.44 (bs, IH), 7.27 - 7.22 (m, 
10 IH), 7.01 (d, y= 8,1 Hz, IH), 6.80 - 6.71 (m, 3H), 4.42 - 4.35 (bm. IH), 2.75 - 2.67 (bm, 
2H), 2.41 - 2.34 (bm, 2H), 2.34 (s, 3H). 2.10 - 2.02 (bm, 2H), 1 .92 - 1 .83 (bm, 2H); 
Analysis calculated for C,9H2oClF3N202»0.5H20: C, 55.68; H, 5.16; N, 6.84. Found C, 
55.59; H, 5.20; N, 6.86. 

1 5 Example 15. 2,3,4-Trifluoro-7/-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 




Using a method similar to Example 5, using 2,3,4-trifluoro-benzoyl chloride 
(0.016 mL) gives the title compound as the free base (36 mg, 99%). Following a method 

2 0 similar to Example 2 gives the title compound as the hydrochloride salt (1 0 mg, off-white 
solid). Mass spectrum (free base, ion spray): m/z = 365.1(M+1); 'H NMR (free base, 
CDCI3): 8.21 (bd,y= ]2.9Hz,N-H), 7.93 - 7.86 (m, IH), 7.42 (bs, IH). 7.26 (t, J= 8.2 
Hz, IH). 7.16 - 7.09 (m, IH), 7.05 (d. J= 8.2 Hz, IH), 6.73 (dd,J= 2.3 Hz, 8.2 Hz. IH), 
4.40 - 4.33 (bm, IH), 2.73 - 2.65 (bm, 2H), 2.37 - 2.27 (bm, 5H), 2.07 - 2.98 (bm, 2H), 

25 1.91 - 1.81 (bm,2H). 
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Example 16. iV-[3-(l-Methyl-piperidin-4-yloxy)-phenyl]-2-trifluoromethoxy-benzamide 
hydrochloride 




Using a method similar to Example 5, using 2-trifluoromethoxy-benzoyl chloride 
(122 mg, 0.544 mmol) gives the title compound as the free base (133 mg, 70%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 
salt (145 mg, white solid): Mp: 1 19-21°C; mass spectrum (free base, ion spray): m/z = 
395.1 (M+1); 'HNMR (free base, CDCI3): 8.27 (bs, N-H), 8.09 (dd,y= 1.8 Hz, 7.8 Hz, 
IH), 7.57 (td,J= 1.8 Hz, 7.8 Hz, IH), 7.49 - 7.44 (m, 2H), 7.35 (dt, J= 1.2 Hz, 8.3 Hz, 
IH), 7.25 (t,y= 8.2 Hz, IH), 7.02 (dd,J= 1.4 Hz, 8.0 Hz, IH), 6.73 (dd, J= 2.4 Hz, 8.3 
Hz, IH), 4.43 - 4.36 (bm, IH), 2.77 - 2.68 (bm, 2H), 2.43 - 2.34 (bm, 2H), 2.34 (s, 3H), 
2.1 1 - 2.02 (bm, 2H), 2.94 - 2.85 (bm, 2H); Analysis calculated for C20H22CIF3N2O3: C, 
55.75; H, 5.15; N, 6.50. Found C, 55.49; H, 5.21; N, 6.67. 

Example 17. ^^[3-(l -Methyl-piperidin-4-yloxy)-pheny]]-2-trifluoromethy]-ben2amide 
hydrochloride 




Using a method similar to Example 5, using 2-trifluoromethyl-benzoyl chloride 
(0.079 ml, 0.533 mmol) gives the title compound as the free base (149 mg, 81%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 
salt (146 mg, white solid). Mp: 135-6°C; mass spectrum (free base, ion spray): m/z = 
379.1(M+1); 'HNMR (free base. CDCI3): 7.76 (bd. J= 7.6 Hz, IH), 7.65 (d,J= 4.6 Hz, 
2H), 7.63 - 7.57 (m, IH), 7.43 (bs, IH), 7.41 (bt, J= 2.2 Hz, IH), 7.25 (t, /= 8.2 Hz, IH), 
7.00 (dd,J= 1.4 Hz, 8.1 Hz, IH), 6.73 (dd, J= 2.2 Hz, 8.3 Hz, IH), 4.44 - 4.35 (bm. IH), 
2.77 - 2.68 (bm, 2H), 2.44 - 2.34 (bm. 2H). 2.34 (s. 3H), 2.11 - 2.02 (bm. 2H), 1.93 - 1.84 
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(bm, 2H); Analysis calculated for C2oH22ClF3N202*0.25H20: C, 57.28; H, 5.41; N, 6.68. 
Found C, 57.1 3; H, 5.42; N, 6.82. 

Example 1 8. 4-Fluoro-A^-[3-(l -niethy]-piperidin-4-yloxy)-phenyl]-2-trif]uoroniethyl- 
benzamide hydrochloride 




Using a method similar to Example 5, using 4-fluoro-2-trifluoromethyl-benzoyl 
chloride (0.018 ml) gives the title compound as the free base (39 rag, 100%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (10 mg, 
off-white solid). Mass spectrum (free base, ion spray): m/z == 397.1 (M+1); NMR (free 
base, CDCh): 7.66 - 7.60 (m, 2H), 7.42 (dd, J = 2.4 Hz, 8.8 Hz, IH), 7.35 (t, J = 2.0 Hz, 
IH), 7.30 (td, 2.4 Hz, 8.1 Hz, IH), 7.23 (t, J = 8.1 Hz, IH), 6.99 (dd, 7= 1 .4 Hz, 8.0 
Hz, IH), 6.72 (dd, 2.0 Hz, 8.3 Hz, IH), 4.38 - 4.31 (bm, IH), 2.72 - 2.64 (bm, 2H), 
2.36 - 2.25 (bm, 5H), 2,06 - 1.97 (bm, 2H), 1.89 - 1.80 (bm, 2H); Analysis calculated for 
C2oH2)ClF4N202-0.25H20: C, 54.93; H, 4.96; N, 6.41. Found C, 54.96; H, 4.94; N, 6.13. 

Example 19. 6-Fluoro-i\r-[3-(l -methyI~piperidin-4-yloxy)-phenyl]-2-trifluoromethyl- 
benzamide hydrochloride 




Using a metliod similar to Example 5, using 2-fluoro-6-trifluoromethyl-benzoyl 
chloride (0.015 mL) gives the title compound as the free base (39 mg, 98%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (1 2 mg, 
off-white solid). Mass spectrum (free base, ion spray): m/z = 397.1 (M+1); ^H NMR (free 
base, CDCI3): 7.75 (bs, N-H), 7.57 - 7.50 (m, 2H), 7.37 - 7.32 (m, 2H), 7.23 (t, J= 8.2 
Hz, IH), 7.01 (dd, J= 1.7 Hz, 8.0 Hz, IH), 6.72 (dd, J= 2.2 Hz, 8.3 Hz, IH), 4.38 - 4.31 
(bm, IH), 2.72 - 2.63 (bm, 2H), 2.36 - 2.26 (bm, 5H), 2.05 - 1 .97 (bm, 2H), 1 .89 -1.79 
(bm, 2H). 
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Preparation 77. 4-[3-(2-Chloro-4-fluoro-benzoylaniino)-pbenoxy]-piperidine-l - 
carboxylic acid /ert-butyl ester 



Add pyridine (0.66 mL, 8.21 mmol) to a solution of 4-(3-amino-phenoxy)- 
piperidine-1 -carboxylic acid tert-hvtyl ester (preparation 30, 2.0 g, 6.84 mmol) in 
dichloromethane (35 mL) at 0°C. Stir and add 2-chloro-4-fluorobenzoyl chloride 
dropwise (1 .45 g, 7.52 mmol). Stir at O^C for 30 min and 1 hr. at room temperature. 
Dilute with dichloromethane (30 mL) and wash with sodivim hydroxide (IN, 2x25 mL). 
Combine the organic layers, dry over sodium sulfate and ccaicentrate under reduced 
pressure. Purification by flash chromatography, eluting with ethyl acetate/hexanes [20- 
40%] to give the title compound (3.0 g, 98%). Mass spectrum (ion spiay): m/z = 
449.0(M+1); 'H NMR (CDCI3): 7.87 (bs. N-H), 7.80 (dd, J= 6.1 Hz, 8.6 Hz, IH), 7.48 (1 
IH), 7.28 - 7.24 (m, IH), 7.21 (dd, 7= 2.5 Hz, 8.4 Hz, IH). 7.11 (td,y= 2.2 Hz, 8.4 Hz, 
IH), 7.03 (d, J= 8.4 Hz, IH), 6.73 (dd, J= 2.2 Hz, 8.4 Hz. IH), 4.52 (septet, J = 3.6 Hz, 
IH), 3.69 (ddd, y = 3.7 Hz. 7.7 Hz, 13.6 Hz, 2H). 3:35 (ddd,-J= 3.9 Hz. 7.7 Hz. 13.6 Hz, 
2H), 1 .97 - 1 .89 (m, 2H). 1 .8 1 - 1 .72 (m, 2H), 1 .46 (s, 9H). 

Bnamph 20, 2-Chloro-4-fluoro-N-[3-(piperidin-4-yloxy>phenyl]-benzamide 
hydrochloride 



Combine 4-[3-(2-chloro-4-fluoro-ben2oylamino)-phenoxy]-piperidine-l- 
carboxylic acid /ert-butyl ester (preparation 77. 2.99 g, 6.67 mmol), dioxane (30 mL) and 
a solution of hydrogen chloride in dioxane (4M, 15 mL) and stir at room temperature. 
After 2 hr., concentrate at reduced pressure to remove the solvent, dry under vacuum to 
give the title compound as a white solid (2.56 g, 100%): Mass spectrum (ion spray): m/z 
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= 349.0(M+1); Analysis calculated for Ci8H)9Cl2FN2O2*0.25H2O: C, 55.47; H, 5.04; N, 
7.19, Found C, 55.26; H, 5.09; N, 6.80. 

Example 21. 2-Chloro-6.fluoro-7\^-[3-(piperidin-4-yloxy)-phenyl]-ben2amide 
5 hydrochloride 



Combine 4-(3-amino-phenoxy>piperidine-l-carboxylic acid /e;-r-butyl ester 
(preparation 30, 100 mg, 0.342 mmol), dioxane (2 mL) and polymer bound morpholine 
resin (205 mg, 0.513 mmol) and add 2-chloro-6-fluoro-benzoyl chloride (0.048 mL, 

1 0 0,376 mmol), shake (in a J-KEM® block) and heat at 1 06°C. After 2 hr., dilute with 
methanol (5 mL) and add tris-amine resin (100 mg), shake in a rotory evaporator 
overnight, filter, concentrate and use directly in the next step. Combine methanol (5 mL) 
and acetyl chloride (2,5 mL) and stir at 0°C. After 1 hr., add a solution of 4.[3-(2-chloro- 
6-fluoro-benzoylamino)-phenoxy]-piperidine-l-carboxylic acid /err-butyl ester in 

1 5 methanol (2 mL) and stir at room temperature. After 30 min., concentrate under reduced 
pressure, dissolve the residue in ethyl acetate (10 mL), wash with NaHCOs (sat. aq., 10 
mL), dry the organic layers over magnesium sulfate, filter and concentrate under reduced 
pressure to give 100 mg (84%, 2 steps) of the titled compound as the free base. Following 
a method smiilar to Example 2 gives the title compound as the hydrochloride salt (130 

2 0 mg, off-white solid). Mp: 139-42«C; mass spectrum (free base, ion spray): m/z = 



311.2(M+1); 'HNMR (free base, CDCI3): 8.19 (bs,N-H), 7.41 (t,J=2.1 Hz, IH), 7.35- 
7.29 (m, IH), 7.26 - 7.20 (m, 2H), 7.07 - 7.02 (m, 2H), 6,70 (dd, J = 2.3 Hz, 8.4 Hz, IH), 
4.43 - 4.36 (m, IH), 3,1 1 - 3.04 (m, 2H), 2.74 - 2.67 (m, 2H), 2.50 (bs, N-H), 2.04 - 1 .95 
(ra, 2H), 1 .72 - 1 .62 (m, 2H). 




HCI 



25 
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hydrochloride 




^ HCI 



Using a method similar to Example 21 using 2.4.6-trifluoro-benzoyl chloride 
(0.049 mL. 0.376 mmol) gives the title compound as the free base (80 mg. 67%, 2 steps) 
Following a method similar to Example 21 gives the title compound as the hydri>chloride 
salt (87 mg, off-white solid). Mp: ]85-7°C; mass spectrum (free base, ion spray)- m/z = 

311.2(M+l);'HNMR(freebase.CDa3):7.62(bs.N-H),7.43(t,y=2.1Hz IH) 728- 
7.23 (m. IH). 7.04 (dd,7= 1.5 Hz, 8.2 Hz. IH), 6.81 - 6.71 (m. 3H). 4.51 -4.45 (L, 
IH), 3.22 - 3.14 (bm, 2H), 2.90 - 2.81 (bm. 2H). 2.12 - 1.74 (bm. 5H). 

ExainEle23. N- [3- (l-Methyl -piperidin-4-yloxy)-phenyI]-nicotinamide dihydrochloride 



HCI 



Using a method similar to Example 2, using nicotinoyl chloride (161 mg, 0.903 
mmol) gives the title compound as free base (109 mg, 48%). Following a method similar 
to Example 2 gives the tide compound as hydrochloride (125 mg, white solid). Mp: 73- 
4°C; mass spectrum (free base, ion spray): m/z = 3]2.1(M+1); 'h NMR (free base 
CDC13): 9.09 (d. 7 = 2.0 Hz, IH), 8.78 (dd, J= 1 .7 Hz, 4.9 Hz, IH). 8.21 (dt. J= 2.0 Hz 
8.0 Hz, IH), 7.88 (bs, N-H), 7.49 - 7.43 (m. 2H), 7.27 (t, J = 8.0 Hz. IH). 7.07 (d, 7= 8 0 
Hz, IH), 6.74 (dd, J= 2.0 Hz, 8.0 Hz, IH), 4.45 - 4.39 (bm. IH). 2.81 - 2.72 (bm 2H) 
2.51 - 2.42 (bm, 2H). 2.38 (s. 3H), 2.16 - 2.06 (bm. 2H). 1.96 - 1.87 (bm. 2H); Analysis 
calculated for C,8H23Cl2N3O2.0.25H2O: C. 55.60; H, 6.09; N. 10.81. Found C 55 91- H 
6.31; N, 10.54. ' ' ' 
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Example 24. N-[3-( 1 -Methyl-piperidin-4-yloxy>phenyl]-isonicotmainide dihydrochloride 



Using a method similar to Example 5, using isonicotinoyl chloride (95 mg, 0.533 
mmol) gives the title compound as the free base (114 mg, 75%). Following a method 
5 similar to Example 2 gives the title compound as the hydrochloride salt (135 mg, tan 

solid). Mp: 172-5°C; mass spectrum (free base, ion spray): m/z = 312.2(M+1); NMR 
(free base, CDCI3): 9.09 (bs, IH), 8.78 (d, J= 4.4 Hz, IH), 8.20 (d, J= 8,0 Hz, IH), 7.92 
(bs, N-H), 7.48 - 7.42 (m, 2H), 7.26 (t, J= 8.0 Hz, IH), 7.07 (d, J= 8.0 Hz, IH), 6.73 (dd, 
J = 2.0 Hz, 8.3 Hz, IH), 4.42 - 4.35 (bm, IH), 2.77 - 2.67 (bm, 2H), 2.41 - 2.34 (bm, 2H), 
10 2.33 (s, 3H), 2.10 - 2.01 (bm, 2H), 1.93 - 1.83 (bm, 2H). 

Example 25. 3-Chloro-thiophene-2-carboxylic acid [3-(l-methyl-piperidin-4-yloxy)- 
phenyl]-amide hydrochloride 



chloride (0.018 ml) gives the title compound as the free base (35 mg, 100%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (10 mg, 
off-white solid). Mass spectrum (fi^e base, ion spray): m/z = 35L0(M+1); ^H NMR (free 



base, CDCI3): 8.74 (bs, N-H), 7.53 (bd, J = 5.3 Hz, IH), 7.47 (bs, IH), 7.23 (t, J= 8.2 
20 Hz, IH), 7.05 - 7.01 (m, 2H), 6.71 (dd, 7= 1.8 Hz, 8.2 Hz, IH), 4.42 - 4.34 (bm, IH), 
2.73 - 2.63 (bm, 2H), 2.39 - 2.38 (bm, 5H), 2.07 - 1.98 (bm, 2H), 1.91 - 1.81 (bm, 2H); 
Analysis calculated for CivHaoC^NsOsS: C, 52.72; H, 5.20; N, 7.23. Found C, 52.39; H, 
5.06; N, 6.88. 





15 



Using a method similar to Example 5, using 3-ch]oro-thiophene-2-carbonyl 
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Example 26. Cyclobutanecarboxylic acid [3-(l-methy]-piperidin-4-yloxy)-phenyl]-amide 
hydrochloride 

HCI ^ 

Using a method similar to Example 5, using cyclobutanecarbony] chloride (0.01 1 
5 mL) gives tlie title compound as the free base (39 mg, 100%). Following a method 
similar to Example 2 gives the title compound as the hydrochloride salt (10 mg, yellow 
solid). Mass spectrum (free base, ion spray): m/z = 289.1 (M+1); 'h NMR (free base, 
CDCI3): 7.41 (bs, N-H), 7.19 - 7.12 (m, 2H), 6.89 (bd,J= 7.6 Hz, IH), 6.63 (bd, J= 7.6 
Hz, IH), 4.37 - 4.29 (bm, IH), 3.19 - 3.08 (bm, IH), 2.72 - 2.63 (bm, 2H), 2.41 - 2.28 
1 0 (bm, 6H), 2.25 -2.16 (bm, 2H), 2.05 - 1 .78 (bm, 6H); Analysis calculated for 

C,7H25ClN2O2«0.5H2O: C, 61.16; H, 7.85; N, 8.39. Found C, 61.21; H, 7.77; N, 8.16. 

Example 27. 3-Methyl-iV-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-butyramide 
hydrochloride 

15 HCI 

Using a method similar to Example 5, using 3-methyl-butyryl chloride (0.012 mL) 
gives the title compound as free base (26 mg, 90%). Following a method similar to 
Example 2 gives the title compound as hydrochloride (1 1 mg, tan solid). Mass spectrum 
(free base, ion spray): m/z = 291.2(M+1); 'H NMR (free base, CDCI3): 7.37 (bs, N-H), 

20 7.24 (bs, IH), 7.17 (t, J = 8.2 Hz, IH), 6.91 (d,J= 8.0 Hz, IH), 6.64 (d, J= 8.0 Hz, IH), 
4.37 - 4.29 (bm, IH), 2.72 - 2.63 (bm, 2H), 2.34 - 2.26 (bm, 5H), 2.20 (s, 3H). 2.04 - 1.96 
(bm, 2H), 1.88- 1 .79 (bm, 2H), 1 .00 (d, J = 5.6 Hz, 6H). 

Example 28. //-[3-( 1 -Methyl-piperidin-4-yloxy)-phenyl]-3-phenyl-propionamide 
25 hydrochloride 
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Using a method similar to Example 5, using 3-phenyl-propionyl chloride (0.015 
mL) gives the title compound as the free base (30.5 mg, 90%). Following a method 
similar to Example 2 gives the title compound as the hydrochloride salt (10 mg, yellow 
solid). Mass spectrum (free base, ion spray): m/z = 339.2(M+1), NMR (free base, 
CDCh): 7.33 - 7.12 (m, 8H), 6.83 (d, 7= 8.0 Hz, IH), 6.63 (d, 7 = 8.0 Hz, IH), 4.35 - 
4.27 (bm, IH), 3.03 (t, 7.2 Hz, 2H), 2.72 - 2.65 (bm, 2H), 2.64 (t, J = 7.2 Hz, 2H), 
2.34 - 2.29 (bm, 5H), 2.04 - 1.96 (bm, 2HX 1.88 - 1.78 (bm, 2H), 

Example 29. Cyclopropanecarboxylic acid [3-(l-methyl-piperidin-4-yloxy)-phenyl]- 
amide hydrochloride 



Using a method similar to Example 5, using cyclopropanecarbonyl chloride (0.009 
mL) gives the title compound as the free base (27 mg, 99%). Following a method similar 
to Example 2 gives the title compound as the hydrochloride salt (1 1 mg, yellow solid). 
Mass spectrum (free base, ion spray): m/z = 275.1(M+1); ^H NMR (free base, CDCI3): 
7.51 (bs,N-H), 7.39 (s, IH), 7.17 (t, J- 8.2 Hz, IH), 6.89 (d, J= 7.9 Hz, IH), 6.63 (d, J = 
7.9 Hz, IH), 4.38 - 4.29 (bm, IH), 2.73 - 2.63 (bm, 2H), 2.38 - 2.29 (bm, 5H), 2.05 - 1.97 
(bm, 2H), 1.89 - L80 (bm, 2H), 1.54 - 1.49 (bm, IH), 1.10 - 1.04 (m, 2H), 0.87 -0.80 (m, 
2H). 

Example 30. Cyclohexanecarboxylic acid [3-(l-methyl-piperidin-4-yloxy)-phenyl]-amide 
hydrochloride 



Using a method similar to Example 5, using cyclohexanecarbonyl chloride (0.023 
mL, 0.1 75 mmol) gives the title compound as the free base (44 mg, 96%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (48 mg, 
tan sohd). Mp: 141-2*^0; mass spectrum (free base, ion spray): m/z = 317.2(M+1); ^H 
NMR (free base, CDCI3): 7.41 (bs, IH), 7.23 (bs, IH), 7.17 (t, J= 8.1 Hz, IH), 6.89 (d, J 
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= 8.1 Hz. IH), 6.64 (dd. y = 2.0 Hz, 8.1 Hz, IH), 4.36 - 4.29 (bm, IH). 2.71 - 2.62 (bm, 
2H), 2.35 - 2.26 (bm, 5H), 2.20 (tt,7= 3.3 Hz, 11.8 Hz, IH), 2.03 - 1.90 (m, 4H), 1.88 - 
1 .78 (m, 4H), 1 .72 - 1 .66 (bm, 1 H), 1 .58 - 1 .47 (m, 2H), 1 .36 - 1 .24 (m, 2H), 1 .20 (t, J = 
7.2 Hz, IH). 

Example 31. N-[3-(r-methyl-piperidiii-4-yloxy>phenyl]- cyclopentanecarboxamidc 
hydrochloride 

HCI 

Using a method similar to Example 5, using cyclopentanecarbonyl chloride (0.021 
mL, 0.175 mmol) gives the title compound as the free base (40 mg, 91%). Following a 
metliod similar to Example 2 gives the title compound as the hydrochloride salt (44 mg, 
pale yellov^^ solid). Mass spectrum (free base, ion spray): m/z = 303.2(M+1), *H NMR 
(free base, CDCI3): 7.40 (bs, 2H), 7.15 (t, 8.2 Hz, IH), 6.90 (d, 7 = 8.2 Hz, IH), 6.62 
(dd, 2.0 Hz, 8.2 Hz, IH), 4.34 - 4.27 (bm, IH), 2.69 ^ 2.59 (m, 3H), 2.33 - 2.2] (bm, 
5H), 2.01 - 1.71 (m, lOH), 1.64 - 1.54 (m, 2H); Analysis calculated for 
C,8H27ClN2O2*0.5H2O: C, 62.15; H, 8.11; N, 8.05. Found C, 61.95; H, 7.84; N, 7.85. 

Example 32. iV-[3-(l-Methyl-piperidin-4-yloxy)-phenyl]-isobiityramide hydrochloride 

HCI ^ 

Using a method similar to Example 5, using isobutyryl chloride (0.01 8 mL, 0.175 
mmol) gives the title compound as the free base (37 mg, 93%). Following a method 
similar to Example 2 gives the title compound as the hydrochloride salt (41 mg, yellow 
solid). Mp: 104-5'»C; mass spectrum (free base, ion spray): m/z = 277.1(M+1); 'H NMR 
(free base, CDCI3): 7.41 (bs, IH), 7.32 (bs, IH), 7.20 - 7.13 (m, IH), 6.94 - 6.88 (bm, 
IH), 6.67 - 6.61 (bm, IH), 4.36 - 4.28 (bm, IH), 2.70 - 2.60 (bm, 2H), 2.54 - 2.44 (m, 
IH), 2.34 - 2.22 (bm, 5H). 2.03 - 1.93 (bm, 2H), 1.88 - 1.77 (bm. 2H), 1.26-1.21 (m, 
6H). 
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Example 33, N-[4.Chloro-3.(l.methyl-piperidin-4-yIoxy)-pheny]].2-trifluoromethoxy- 
benzamide hydrochloride 

Using a method simiJar to Example 5, using 2-trifluoromethoxy-ben2oyl chloride 
(0.066 ml, 0.439 mmol) and 4-chloro-3-(]-methy]-piperidin-4-y]oxy)-phenylamine 
(preparation 31) gives the title compound as the free base (1 32 mg, 77%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (141 mg, 
pale yellow solid). Mp: 95-7°C; mass spectrum (free base, ion spray): m/z = 429.2(M+1), 
'H NMR (fi^e base, CDCI3): 8.43 (bs. N-H). 7.98 (dd. J = 1 .7 Hz, 7.9 Hz, IH). 7.65 (d. J 
= 2.4 Hz, IH). 7.53 (td, J= 1.7 Hz, 7.9 Hz, IH), 7.41 (t, J= 7.6 Hz, IH), 7.33 - 7.25 (m, 
2H), 6.87 (dd, J = 2.4 Hz, 8.6 Hz, IH), 4.46 - 4.38 (bm, IH), 2.69 - 2.61 (bm, 2H), 2.37 - 
2.29 (bm, 2H), 2.28 (s, 3H), 2.03 - 1 .86 (bm, 4H). Analysis calculated for 
C20H2JCI2F3N2O3: C, 51.63; H, 4.55; N. 6.02. Found C, 51.33; H, 4.58; N, 5.88. 

Example 34". ' 2-Chloro-Ar-[4-cK]6ro-3-(l -methyI-piperidin-4-yloxy)-phenyl]-benzamide 
hydrochloride 

Using a method similar to Example 33, using 2-chloro-benzoyl chloride (0.057 
mL, 0.448 mmol) gives the title compound as the free base (142 mg, 92%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (156 mg, 
off-white solid). Mp: 259°C (dec); mass spectrum (free base, ion spray): m/z = 
379.1(M+]); 'H NMR (free base, CDCI3): 8.19 (bs, N-H). 7.67 - 7.64 (m, 2H), 7.43 - 7.26 
(m, 4H), 6.91 (dd, 7 = 2.3 Hz, 8.4 Hz, IH), 4.46 - 4.38 (bm, IH), 2.69 - 2.60 (bm, 2H), 
2.37 - 2.27 (bm, 2H), 2.27 (s, 3H), 2.03 - 1.86 (bm, 4H). 
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Example 35 . 2>B^omo-^'-[4.chloro-3<^methy^piperidin.4-yloxy)-phenyl]-ben2ami 
hydrochloride 

Using a method similar to Example 33, using 2-bromo-benzoyl chloride (0.059 
mL, 0.452 mmol) gives the title compound as the free base (150 mg, 86%). Following a 
method similar to Example 2 gives the titie compound as the hydrochloride salt (151 mg, 
white solid). Mp: Me-S^C; mass spectrum (free base, ion spray): mJz = 423.1(M+1); 'h 
NMR (free base, CDCI3): 8.15 (bs, N-H), 7.62 (d, J= 2.1 Hz, IH), 7.59 (d, 7= 8.0 Hz, 
IE). 7.54 (dd,y= 1.8 Hz, 7.6 Hz, IH), 7.35 (t, J= 7.6 Hz, IH), 7.31 - 7.25 (m. 2H). 6.92 
(dd.y= 2.4 Hz, 8.6 Hz, IH), 4.44 - 4.36 (bm, IH), 2.68 - 2.59 (bm. 2H), 2.36 - 2.2? (bm, 
2H), 2.26 (s, 3H), 2.01 - 1.85 (bm, 4H). 

Example 36." iN^-[4-Chloro-3-(l-methyl-piperidin-4-yloxy)-phenyl]-2,6-difluoro- 
benzamide hydrochloride 

Using a method similar to Example 33, using 2,6-difluoro-benzoyI chloride (0.056 
mL, 0.443 mmol) gives the title compound as the free base (128 mg, 84%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (81 mg, 
off-white solid). Mp: 261°C (dec); mass spectrum (free base, ion spray): m/z = 
381.1(M+1); 'H NMR (free base, CDCI3): 8.50 (bs, N-H), 7.61 (d,y=2.1 Hz, IH), 7.40- 
7.32 (m, IH), 7.26 (d, J= 8.6 Hz, IH), 6.95 - 6.88 (m, 3H). 4.42 - 4.33 (bm, IH), 2.66 - 
2.57 (bm, 2H). 2.53 - 2.44 (bm, 2H), 2.32 - 2.25 (bm, 2H), 2.24 (s, 3H). 1.99 - 1.82 (bm, 
4H). 
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Example 37. iV.[4-Chloro-3-(l-methyl-piperidin-4-yIoxy)-pheny]]-2,4-difluoro- 
benzamide hydrochloride 

Using a method similar to Example 33, using 2,4-difluoro-benzoyl chloride (0.057 
5 mL, 0.462 mmol) gives the title compound as the free base (141 mg, 88%). Following a 
method similar to Example 2 gives the title compound as the hydrochloride salt (151 mg, 
white solid). Mp: 257<'C (dec); mass spectrum (free base, ion spray): mix = 381 .1(M+1), 
'H NMR (free base, CDCI3): 8.39 (bd, 7= 14.8 Hz, N-H), 8.12 (dd, J= 7.4 Hz, 18.2 Hz, 
IH), 7.64 (d,J= 2.3 Hz, IH), 7.28 (d,J= 8.5 Hz, IH), 7.02 (td,y= 2.3 Hz, 8.2 Hz, IH), 
10 6.93 - 6.87 (m, 2H), 4.46 - 4.40 (bm, IH), 2.69 - 2.61 (bm. 2H), 2.38 - 2.30 (bm, 2H). 

2.28 (s, 3H), 2.04 - 1.87 (bm, 4H). Analysis calculated for Ci9H2oClF2N202«0.25H20: C, 
54.1 1; H, 4.90; N, 6.64. Found C, 54.14; H, 4.71; N, 6.58. 

Example 38. 2-Chloro-JV^[4-chloro-3-(l-methyl-piperidin-4-yloxy)-phenyl]-4-fluoro- 
15 benzamide hydrochloride 

Using a method similar to Example 33, using 2-chloro-4-f]uoro-benzoyl chloride 
(0.064 mL, 0.498 mmol) gives the title compound as the free base (158 mg, 88%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 

2 0 salt ( 1 59 mg, off-white solid). Mass spectrum (free base, ion spray): m/z = 3 97. ] (M+ ] ); 
'H NMR (free base, CDCI3): 8.29 (bs, N-H), 7.68 (dd, J = 6.0 Hz, 8.5 Hz, IH), 7.62 (d,J 
= 2.1 Hz, IH), 7.28 (d, J = 8.5 Hz, IH), 7. 15 (dd, J = 2.4 Hz, 8.5 Hz, IH), 7.04 (td, J = 
2.4 Hz, 8.5 Hz, IH), 6.91 (dd, J= 2.3 Hz, 8.5 Hz, IH), 4.44 - 4.37 (bm, IH), 2.69-2.59 
(bm, 2H), 2.37 - 2.29 (bm, 2H), 2.27 (s, 3H), 2.01 - 1 .85 (bm, 4H); Analysis calculated for 

25 C,9H2oCl3FN202-0.75H20: C, 51.02; H. 4.85; N, 6.26. Found C, 50.81; H, 4.52; N, 6.27. 
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Example 39. 2-Ch]oro-A^-[4-chloro-3-(l -methyl-piperidin-4-yloxy)-phenyI]-6-flu^^^ 
benzamide hydrochloride 

Using a method similar to Example 33, using 2-ch]on)-6-fluoro-ben2oyl chloride 
(0.062 mL, 0.480 mmol) gives the title compotmd as the free base (149 mg, 86%). 
Following a method similar to Example 2 gives the title compound as the hydrochloride 
salt (149 mg, white solid). Mp: 259-60°C; mass spectrum (free base, ion spray): m/z = 
397.1(M+1), 'H NMR (free base, CDCI3): 8.29 (bs, N-H). 7.60 (d, J= 2.4 Hz, IH), 7.35 - 

7.26 (m. 2H), 7.21 (bd. J= 8.1 Hz. IH), 4.44 - 4.37 (bm, IH), 2.68 - 2.60 (bm. 2H), 2.36 - 

2.27 (bm, 2H), 2.26 (s. 3H), 2.01 - 1 .84 (bm, 4H); Analysis calculated for 
CisHzoClaFNjOs'O.SHjO: C, 51.54; H, 4.78; N, 6.33. Found C, 51.82; H, 4.49; N, 6.20. 

E^mpJp 40. 7V-[4-Chloro-3-( 1 -methyl-piperidin-4-yloxy)-phenyl]-2,4,6-trifluoro- 
benzamide hydrochloride 

Using a method similar to Example 33, using 2,4,6-trifluoro-benzoyl chloride 
(0.061 mL, 0.471 mmol) gives the title compound as the free base (145 mg, 85%). 
Following a method similar to Example 2 gives the tide compound as the hydrochloride 
salt (143 mg, white solid). Mp: >270°C; mass spectrum (free base, ion spray): m/z = 
399.1(M+1); 'h NMR (free base, CDCI3): 8.52 (bs, N-H), 7.58 (d, J = 2.1 Hz, IH), 7.27 
(d, J= 8.2 Hz, IH), 6.91 (dd,J= 2.5 Hz, 8.2 Hz, IH), 6.70 (t, J= 8.2 Hz, 2H), 4.40 - 4.33 
(bm. IH), 2.66 - 2.59 (bm, 2H), 2.34 - 2.26 (bm, 2H), 2.24 (s, 3H), 1 .99 - 1.83 (bm, 4H); 
Analysis calculated for CjsHisClzFaNzOz'G.SHzO: C. 51.37; H, 4.54; N, 6.31. Found C, 
51.11; H, 4.24; N, 6.21. 
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Example 41, 2-Chloro-4-fluoro-N-methyl-N-[3-(l -methy]-piperidin-4-yloxy).phenyl]- 
benzamide hydrochloride 

HCI ^ 

Combine 3-(l-methy]-piperidin-4-y]oxy)-phenylamine (preparation 28, 1.43 g, 
6.93 mmol), formaldehyde (37% aq., 0.73 mL) and methanol (43 mL), and stir the 
resulting solution. After 3 hr., add sodium borohydride in small portions (983 mg) and 
stir. After 18 hr., quench the reaction with HCI (aq. IN, 0.3 mL). Remove the solvent till 
1/3 of the original volume. Wash with NaOH (aq., IM, 20 mL), extract with 
dichloromethane (2X25 mL), dry flie organic layers over magnesium sulfate, filter and 
concentrate under reduced pressure. Load the residue onto an SCX column to provide 
methyl-[3-(l-methyl-piperidin-4-yloxy)-phenyl]-amine(211 mg, 15%). Using a method 
similar to Example 5, using 2-chloro-4-fluoro-benzoyl chloride (0.33 mL, 0.260 mmol) 
gives the title compound as the hydrochloride salt (77 mg. 87%). Mass spectrum (ion 
spray); m/z = 377.1(M+1); NMR (free base, CDCJa): 7.26 - 7.08 (m, 2H), 6.98 (bd, J = 
6.6 Hz. IH), 6.84 - 6.78 (m, IH), 6.72 - 6.64 (m, 2H), 4.13 (bs, IH), 3.49 (s, 3H), 2.66 
(bm, 2H), 2.3 1 (s, 3H), 2.23 (bm, 2H), 1 .83 - 1 .69 (bm, 4H). . 

Example 42. 2-Ch]oro-6-fluoro-N-methyl-N-[3-(l-methyl-piperidin-4-yloxy)-phenyl]- 
benzamide hydrochloride 

HCI 

Using a method similar to Example 41, using 2-chloro-6-fluoro-benzoyl chloride 
(0.33 mL, 0.260 mmol) gives the title compound as the hydrochloride salt (88 mg, 99%). 
Mass spectrum (ion spray): m/z = 377.1(M+1); 'H NMR (DMSO-de): 7.32 - 7.09 (m, 
4H), 6.94 - 6.83 (m, 3H), 4.64 (bs, IH), 3.48 - 3.24 (m, 2H), 3.38 (s, 3H), 3.06 (bm, 2H), 
2.75 (bs, 3H), 2.07 - 2.04 (bm. 2H), 1.87 - 1.83 (bm. 2H). 
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Example 43. 2,4,6-Trifluoro-N-methyl-N-[3-( 1 -methyl-piperidin-4-yloxy)-phenyl]- 
benzairiide hydrochloride 



F 




Using a method similar to Example 41, using 2,4,6-trifluoro-ben2oyl chloride 
(0.34 mL, 0.260 mmol) gives the title compound as the hydrochloride salt (80 mg, 90%). 
Mass spectrum (ion spray): m/z = 379.1(M+1), 'H NMR (DMSO-de): 7.26 - 7.11 (m, 
3H), 6.95 - 6.87 (m, 2H), 6.77 (t, J = 7.2 Hz, IH), 4.67 (bs, IH), 3.48 - 3.23 (m, 2H). 
3.37 (s, 3H), 3.13 - 3.02 (m, 2H). 2.75 (bs, 3H), 2.05 - 1 .77 (m, 4H). 

Exaffjple 44. 4-Fluoro-N-[4-methyl-3-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 

Add 4-fluorobenzoyl chloride (222 mg, 1.4 mmol) to a solution of 4-Methy]-3-(]- 
methyl-piperidin-4-yloxy)-pheny]amine (preparation 34, 280 mg, 1 .27 mmol) in pyridine 
(1 0 mL), heat at 55 °C for 20 hr. Remove volatiles in vacuo, dissolve the residue in 
CH2CI2, wash with O.IN NaOH and saturated NaCl solution sequentially, dry over 
Na2S04, filter and concentrate to give a residue. Chromatography on a silica gel column 
eluting with 6% 2M NHj-methanol in CHjClj) provides the title compound as a colorless 
oil (375 mg, 86%). Mass spectrum (ion spray): m/z = 343.3 (M+1); 'h NMR (CDCI3, 
ppm): 7.94 (s, br, IH), 7.88 (m, 2H), 7.85 (s, br, IH), 7.12 (m, 3H), 6.87 (dd, IH), 4.39 
(m, IH), 2.62 (m, 2H), 2.33 (m, 2H), 2.31 (s, 3H), 2.22 (s, 3H), 2.06-1.83 (m, 4H); Anal 
cald for C20H23FN2O2 HCI H2O: C, 60.53; H, 6.60; N, 7.06. Found: C, 60.77; H. 6.20; N, 
7.10. 
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Example 45. 2-Chloro-4-fluoro-N-[4-inethyl-3-(l-methy]-piperidin-4-yloxy)-phenyl]- 
benzamide 




Using a method similar to example 44, using 2-chloro-4-fluoro-benzoyl chloride 
5 provides the title compound as a slightly yellow oH (80%). Mass spectrum (ion spray): 
m/z = 377.2 (M+1); 'H NMR (CDCI3, ppm): 7.97 (s, br, 1H),7.77 (dd, IH), 7.51 (d, IH), 
7.20 (dd, IH), 7.13 (m, 2H), 6.88 (dd. IH), 4.42 (IH). 2.62 (m, 2H), 2.35 (m, 2H), 2.32 (s, 
3H), 2.23 (s, 3H), 2.09-1.84 (m. 4H); Anal cald for CjoHjzClFNjOz-HCl-O.SHaO: C, 
56.88; H, 5.73; N, 6.63. Found: C, 56.66; H, 5.52; N, 6.49. 

0 

Example 46. 2-Chloro-6-fluoro-N-[4-methyI-3-(l-methyl-piperidin-4-yloxy)-phenyl]- 
benzamide 




Using a method similar to example 44, using 2-chloro-6-fluorobenzoyl chloride 
provides the title compound as a slightly yellow oil (96%). Mass spectrum (ion spray): 
m/z = 377.0 (M+1); 'h NMR (CDCI3): 7.81 (s, br, IH), 7.48(d. IH), 7.3 1 (m, 2H), 7.09 
(m, 2H), 6.87 (dd, IH), 4.40 (m, 1H),2.63 (m, 2H), 2.34 (m, 2H), 2.30 (s, 3H), 2.23 (s, 
31^, 2.06-1.82 (m, 4H). Hydrochloride salt : Anal cald for C2oH22ClFN202-HC10.25H20: 
C, 57.49; H, 5.67; N, 6.70. Found: C, 57.18; H, 5.41; N, 6.87. 

Example 47. 4-Fluoro-N-[3-fluoro-5-(l-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
mono hydrochloric acid salt 

T HCI 
F 
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Combine 3-fluoro-5-(l-niethyl-piperidin-4-y]oxy)-pheiiylaniine (preparation 32, 
0.23 & 1.03 mmol), 4-fluoro-benzoyl chloride (0.195 g, 1.23 mmol), and 1,4-dioxane (5 
mL), stir and heat at reflux. After 3 hr., cool to ambient temperature. Load on an SCX 
column (1 0 g), wash with methanol, elute with 2M ammonia/ methanol. Concentrate 
5 eluent to obtain free base compound (0.35 g, 92%) as an oil. Dissolve this material in 
dichloromethane (5 mL) and treat with IM hydrochloric acid in ether (1.1 mL). 
Concentrate and dry under vacuum to obtain the title compound, mp 150°C; mass 
spectrum: obs. m/z 347.1566; calc. m/z 347.1571; NMR (CDCl3)for free base: 7.8 (it 
2H), 7.1 (m, 2H), 7.05 (s, IH), 7.0 (m, IH), 6.4 (m, IH), 4.3 (m, IH), 2.7 (m, 2H), 2.3 (n 
10 5H), 2.0 (m, 2H), 1.8 (m, 2H). 



Using methods similar to example 47, substituting the appropriately substituted 
benzoylchloride reagent, prepare, isolate and convert the analogous compounds to mono 
hydrochloride acid salts, as indicated below: 

[ HCI 

15 F 



No. 


Ar 


Data 


48 


2-ch]oro-4-fluoro- 
phenyl 


mass spectrum; Obs. m/z 381.1150; Calc. m/z 381.1181; 
Analysis calculated for C19 H20 C12 F2 N2 O2 O.8H2O: 
C,52.86; H. 5.04; N, 6.49. Found: C, 52.42; H, 4.94; N. 
6.49; 'H NMR (CDCI3) for free base: 8.0 (bs, IH), 7.7 
(m, IH), 7.2 (m, IH), 7.0 (m, 3H), 6.4 (m, IH), 4.4 (m, 
IH), 2.7 (m, 2H), 2.3 (m, 5H), 2.1 (m, 2H), 1 .9 (m, 2H). 


49 


2,4-di fluoro-phenyl 


Mass spectrum: Obs. m/z 365.1467; Calc. m/z 365.1477; 
Analysis calculated for C19 H20 Qi F3 N2 O2 O.8 H2O: C, 
54.96; H, 5.24; N, 6.75. Found: C, 55.07; H, 5.09; N, 
6.91; 'HNMR (DMSO-Dg): 10.8 (bs, IH), 10.6 (s, IH), 
7.8 (m, IH), 7.4 (m, IH), 7.2 (m, 3H), 7.7 (m, IH), 4.6 
(m, IH). 3.4 (m, 2H), 3.1 (m, 2H), 2.5 (s, 3H), 2.1 (m, 
4H). 
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No. 


At 


Data 


50 


2-chloro-phenyl 


mp = ]40*C; Mass spectrum: Obs. m/z 363.1284; Calc, 
m/z 363.1275; NMR (CDCI3) for free base: 8.1 (s, 
IH), 7.6 (m, IH), 7.4 (m, 3H), 7.05 (s, IH), 7.0 (m, IH), 
6.4 (m, IH), 4.3 (m, IH), 2.6 (m, 2H), 2.3 (m, 5H), 2.0 
(m, 2H), 1.8 (m, 2H). 


51 


2,4,6-trifluoro- 
phenyl 


mp= ]86-190°C; Mass spectrum: Obs. m/z 383.1390; 
calc. m/z 383.1382; Analysis calculated for C19 Hjg Qi 
F4 N2 02 0.5 H2O: C, 53.34; H, 4.71; N, 6.55. Found: C, 
53.41; H, 4.58; N, 6.41. 



Example 52. 2-Chloro-N-[2-fluoro-3-( I -methyl-piperidin-4-y]oxy)-phenyl]-benzamide 

CI O k/N^ 

Heat a mixture of 2-fluoro-3-(l-methyl-piperidin-4-yloxy)-phenylamine 
(preparation 33, 0.26 g) and 2-chlorobenzoyl chloride (0.233 g) in 1,4-dioxane (10 mL) 
for 2 hrs. Evaporate and purify on a silica gel column (10 g, solvent: dichloromethane- 
2M NH3 in methanol, gradient) to give the title compound (0.453 g). Mass spectrum 
(electric spray) m/z = 363 (M+1); NMR (CDCI3): 8.27 (br s, IH), 8.07 (m, IH), 7.80 
(dd, IH), 7.42 (m, 3H), 7.07 (ddd, IH), 6.79 (ddd, IH), 4.31 (m, IH), 2.70 (m, 2H), 2.30 
(s, 3H), 2.28 (m, 2H), 2.00 (m, 2H), 1.89 (m, 2H). 

Dissolve the benzamide in dichloromethane and add 1.25 mL of IN HCl in ether, 
evaporate and dry in vacuum to giye its hydrochloric acid salt. 

Using methods similar to Example 52, substituting the appropriately substituted 
benzoylchloride reagent, prepare, isolate, and convert the analogous compounds as 
indicated below to mono hydrochloric acid salts as indicated below: 
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Ex. 


Ar 


Data 


53 


4-fluorophenyl 


mass spectrum (electric spray) m/z = 347 (M+1); 'h NMR 
(CDa3)(free base): 8.02 (ddd, IH), 7.93 (br d, IH). 7.90 (m, 
2H), 7.19 (m. 2H), 7.07 (ddd, IH), 6.79 (ddd, IH), 4.33 (m, 
1 H). 2.72 (m, 2H), 2.33 (s, 3H). 2.33 (m. 2H), 2.03 (m, 2H). 
1.92 (m, 2H). 


54 


2-ch]oro-4- 
fluorophenyl 


mass spectrum (electric spray) m/z = 381 (M+1); NMR 
(CDCl3)(free base): 8.28 (br s, IH), 8.04 (m, IH), 7.86 (dd, 
IH), 7.23 (dd, IH), 7.10 (m, 2H), 6.80 (ddd, IH), 4.33 (m, 
IH). 2.71 (m. 2H), 2.32 (s, 3H), 2.32 (m. 2H), 2.00 (m, 2H), 
1.89 (m,2H), 



^^""^P^" 2'4-Difluoro-N-[2-fluoro-3-(l-niethyI-piperidin-4-y]oxy)phenyl]-benzamide 
hydrochloride 




Heat a mixture of 2-fluoro-3-(l-methy].piperidin-4-yloxy)-pheny]araine 
(preparatioh 33, 0.126 g) and 2,4-difluorobenzoy] chloride (0.1 19 g) in 1,4-dioxane (5 
mL) for 2.5 hrs. Cool to room temperature, collect the white crystals and wash with ether 
to give the free base of title compound (0. 1 64 g). The free base is converted to the mono 
hydrochloric acid salt using a method similar to Example 52 to provide the title 
compound. Mass spectrum (electric spray) m/z = 365 (M+1); 'H NMR (CD30D- 
CDC13): 8.04 (m, IH), 7.85 (m, IH), 7.05 (m, 3H), 6.88 (m, IH), 4.69 (m, IH), 3.37 (m, 
2H), 3.31 (s, 2H), 2.84 (s, 3H). 2.34 (m, 2H), 2.20 (m, 2H). 



Example 56. 2-Bromo-N-[2-fluoro-3-(l-methyl-piperidin-4-yloxy)-phenyl]-ben2amide 
hydrochloride 




HCI 
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Using the method of example 55 using 2-bromoben2oyl chloride gives the free 
base of the title compound. The free base is converted to the mono hydrochloric acid salt 
using a method similar to Example 52 to provide the title compound. Mass spectrum 
(electric spray) m/z = 407 (M+1), 409 (M+2+1); 'h NMR (CDCI3-CD3OD): 7.66 (m, 
IH). 7.50 (dd, IH), 7.43 (dd. IH), 7.28 (ddd. IH). 7.20 (ddd, IH), 6.97 (ddd, IH), 6.73 
(ddd, IH). 4.54 (m. IH). 3.22 (m, 2H), 3.12 (m, 2H), 2.68 (s, 3H), 2.21 (m. 2H), 2.05 (m 
2H). 




Prep^tjon 78. 4-[3-(2-Chloro-4-fluoro-benzoy]amino)-phenoxy]-2.methyl-piperidine-l- 
carboxylic acid /er/-butyl ester cis isomer 1 

Combine 4-(3-amino-phenoxy)-2-methyl-piperidine-l-carboxylic acid tert-butyl 
ester cis isomer 1 (preparation 35, 0.40 g, 1.31 mmol), 1.4-dioxane (20 mL). triethylamine 
(0.22 mL, 1 .57 mmol) and 2-chloro-4-fluoro-benzoyl chloride (0.30 g. 1.57 mmol) with 
stirring. After 4 hr., partition between 4:1 hexanerethyj acetate.(1.0.0.mL).and.0.5M 
aqueous sodium hydroxide solution (100 mL). Separate the organic layer, dry over 
sodium sulfate, filter and concentrate to obtain of the title compound (0.60 g, 1 00%): 'H 
NMR (CDCI3): 7.9 (bs, IH), 7.8 (dd, IH), 7.45 (m, IH). 7.25 (m. IH). 7.2 (dd. IH). 7.J 
(m. IH), 7.0 (dd. IH), 6.7 (dd. IH), 4.7 (m. IH), 4.35 (m. IH). 3.9 (m, IH), 3.25 (m, IH), 
2.0 (m, 2H), 1.9 (m, IH), 1.7 (m, IH), 1.45 (s, 9H), 1.3 (d, 3H). 

Preparation 79. 4-[3-(2-Chloro-4-fluoro-benzoylamino)-phenoxy]-2-methyl-piperidine-l- 
carboxylic acid zer/-butyl ester trans isomer 1 




Using a method similar to preparation 78, using 4-(3-amino-phenoxy)-2-methyl- 
piperidine-l-carboxyhc acid ter/-butyl ester trans isomer 1 (preparartion 36, 0.40 g, 1 .31 
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mmol) (0.40 g, 1 .3 1 mmol) prepare the title compovmd (1 00% yield). 'H NMR (CDCI3): 
7.9 (bs, IH), 7.8 (dd, IH), 7.5 (m, IH). 7.25 (m, 2H), 7.1 (m, IH), 7.05 (m, IH), 6.8 (m, 
IH), 4.6 (m, 2H), 4.1 (m, IH), 3.0 (m, IH), 2.15 (m. IH), 2.0 (m, IH), 1.7 (m, IH), 1.6 
(m, IH), 1.4 (s, 9H), 1.25 (d, 3H). 

Example 57. 2-Chloro-4-fluoro-N-[3-(2-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
cis isomer 1 

Combine 4-[3-(2-chloro-4-fluoro-benzoylamino)-phenoxy]-2-methyl-piperidine-l- 
carboxylic acid /ert-butyl ester cis isomer 1 (Preparation 78, 0.60 g, 1.31 mmol), toluene 
(20 mL), and p-toluenesulfonic acid monohydrate (2.5 g, 13.1 mmol), stir, and heat at 
lOO'C. After 1 hr., cool to ambient temperature. Concentrate the reaction mixture. 
Partition the residue between ethyl acetate (100 mL) and IM aqueous sodium hydroxide 
solution (50 mL). Separate the organic layer, wash with IM aqueous sodiimi hydroxide 
solution (2x50 mL), wash with aqueous NaCl solution (50 mL), dry over sodium sulfate, 
filter and concentrate. Purify residue by silica gel flash chromatography eluting with 10% 
(2M ammonia/ methanol) in dichloromethane to obtain the title compound (0.26 g, 55%). 
Mass spectrum: Obs. m/z 363.1289; Calc. m/z 363.1275; Analysis calculated for C,9 H21 
C,2 FN2 02 0.9 H2O: C. 54.92; H, 5.53; N. 6.74. Found: C, 54.90; H, 5.36; N, 6.55. 'H 
NMR (CDCl3)of free base: 7.9 (bs, IH), 7.8 (m, IH), 7.4 (s, IH), 7.2 (m, 3H), 7.1 (m, 
2H), 6.7 (dd, IH), 4.3 (m, IH), 3.2 (m, IH), 2.75 (m, 2H), 2.15 (m, 2H), 1.45 (m, 2H), 1.1 
(d, 3H). 

Example 58. 2-Chloro-4-fluoro-N-[3-(/ra/«- 2-methyl-piperidin-4-yloxy)-phenyl]- 
benzamide isomer 1 
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Using a method similar to example 57, using 4-[3-(2-Ch]oro-4-fluoro- 
benzoy]amino)-phenoxy]-2-methyl-piperidine-]-carboxy]ic acid ter^buty] ester trar^s 
isomer 1 (preparation 79). the title compound is prepared, isolated and converted to the 
mono hydrogen chloride salt to obtain the title compound (64%). Mass spectrum- Obs 

5 nVz363.1284;Calc.m/z363.1275;'HNMR(DMSO-de):10.5(bs.lH).9.1(bs IH) 76 
(m. 2H). 7.5 (s. IH). 7.3 (m, 3H). 6.8 (m. IH). 4.8 (m. IH). 3.4 (m, 2H). 3.15 (m. 2H) 2 0 
(m,2H),1.8(m,lH),1.3(d.3H). 

^campIeiL 2-Chloro-4-f]uoro-N-[3-( cis -I.2.dimethyl-piperidin-4-yloxy> 
0 phenyl]benzaniide isomer 1 



CI 




HCI ^ 



Combine2-ch]oro-4-f]uoro-N-[3-(2-methyl.piperidin-4-yloxy)-phe„y]]-benzamide 
CIS isomer 1 (example 57. 0.26 g. 0.72 mmol). dichloromethane (20 mL) and 37o/o 
aqueous formaldehyde (0.58 mL. 7.2 mmol) with stining. After 1 0 min.. add glacial 
acetic acid (0.08 mL, 1 .44 mmol) followed by sodium triacetoxyborohydride (0 23 g 1 08 
mmol). After 3 hr., partition between IM aqueous sodium hydroxide solution (50 mL) 
and dichloromethane (50 mL). Separate the organic layer, wash with aqueous NaCl 
solution, dry over sodium sulfate, filter and concentrate. Purify i^sidue by silica gel flash 
chromatography eluting with 1 0% (2M ammonia/ methanol) in dichloromethane to obtain 
of the title compound (0.46 g, 85%). Mass spectrum: Obs. m/z 377.1443- Calc m/z 
377.1432; mp:152°C. 

l2iamEle6a 2-Chloro-N43<1.2-dimethy]-pip^ 
benzamide trans isomer 1, mono-hydrogen chloride salt 

CI 

N 





HCI 



Using a method similar to example 59, using N-[3-(2-methyl-piperidin-4-yloxy)- 
phenyl]-2-chloro-4-fluoro-benzamide trans isomer 1 , (example 58). prepare the title 
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compound, purify and convert to the mono hydrogen chloride salt to obtain the title 
compound (39%). M.p.: 145C; Mass spectrum: Obs. m/z 377.1446; Calc. m/z 377.1432; 
'HNMR (CDa3)of free base: 7.9 (bs, IH), 7.8 (dd, IH), 7.4 (s, IH), 7.2 (m, 2H), 7.1 (m, 
IH), 7.0 (m, IH), 6.7 (dd, IH), 4.6 (m, IH), 2.65 (m, IH), 2.55 (m. IH), 2.45 (m, IH), 
2.35 (s. 3H), 2.0 (m, 3H), 1.6 (m, IH), 1.1 (d, 3H). 

Example 61. N-[4-tert-Butyl-3-( 1 ,2-dimethy]-piperidin-4-yloxy)-phenyl]-2-chloro-4- 
fluoro-benzainide trans isomer 1 




Using a series of methods similar to preparation 79, example 58, and example 60, 
using 4-(3-amino-6-/-butyl-phenoxy)-2-methyl-piperidine-l-carboxylic acid /-butyl ester 
trans isomer 1 , which is produced as a minor by-product in preparation 36, prepare, 
isolate and convert the title compound into the mono hydrogen chloride salt to obtain the 
title compound (1 1% yield). Mp: 260°C; Mass spectrum: Obs. m/z 433.2070; Calc. m/z 
433.2058; 'H NMR (CDC^of free base: 7.8 (m, 2H), 7.55 (s, IH), 7.25 (m, IH), 7.2 (dd, 
IH), 7.1 (m, IH), 6.8 (dd, IH), 4.75 (m, IH), 2.75 (m, IH), 2.6 (m, IH), 2.5 (m, IH), 2.4 
(s, 3H), 2.1 (m, 3H), 1.7 (m, IH), 1.4 (s, 9H), 1.1 (d, 3H). 

Preparation 80. N-[3-(l-Benzy]-3-methyl-piperidin-4-yloxy)-phenyl]-2.chloro-4-fluoro- 
benzamide cis isomer 1 




Combine racemic 3-(l-benzyl-cis-3-mediyl-piperidin-4-yloxy)-phenylamine 
(preparation 41, 0.80 g, 2.7 mmol), 1,4-dioxane (20 mL), and 2-chloro-4-f]uoro-benzoyl 
chloride (0.625 g, 3.24 mmol), stir and heat at reflux. After.2 hr., cool to ambient 
temperature. Dilute with methanol and load the resulting solution on 2 1 Og SCX 
columns. Wash each with methanol (2x50 mL). Elute product from each column with 
2M anmionia/methanol (2x50 mL). Combine and concentrate the eluents. Purify residue 
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by silica gel flash chromatography eluting with 5% (2M NH3/ methanol)/ methylene 
dichloride to obtain the title compovmd as a lacemic mixture (1.07 g, 87.7%). Resolve 
using a Chiralpak AD™ 4.6 x 250mm column eluting at 1.0 mL/min. with 10% absolute 
ethanol/ 90% Heptane with 0.2% DMEA to obtain of the title compound (0.524 g, 
5 49.0%). Mass spectrum (electrospray): m/z = 453.2 (M+1); 'H NMR (CDCI3): 7.85 (bs, 
IH), 7.8 (dd, IH), 7.45 (s, IH), 7.3 (m, 7H), 7.1 (m, IH), 7.0 (m, IH), 6.75 (dd, IH), 4.4 
(m, IH), 3.5 (m, 2H), 2.5 (m, 2H), 2.4 (m, 2H), 2.1 (m, 2H). 1 .8 (m, IH), 1.0 (d, 3H). 

Preparation 81. N-[3-( 1 -Benzy]-3-methyl-piperidin-4-yloxy)-phenyl]-2-chloro-4-fluoro- 
0 benzamide cis isomer 2 



Resolve mixture from preparation 80 using a Chiralpak AD™ 4.6 x 250mm 
column eluting at 1.0 mL/min with 10% absolute ethanol/ 90% Heptane with 0.2% 
DMEA to obtain the title compound (0.492 g, 46.0%). Mass spectrum (electrospray): m/z 
5 = 453.2 (M+1); 'H NMR (CDCI3): 7.85 (bs, IH), 7.8 (dd, IH), 7.45 (s, IH), 7.3 (m, 7H), 
7.1 (m, IH), 7.0 (m, IH), 6.75 (dd, IH), 4.4 (m, IH), 3.5 (m, 2H), 2.5 (m, 2H), 2.4 (m, 
2H), 2.1 (m, 2H), 1.8 (m, IH), 1.0 (d, 3H). 

Example 62. 2-chloro-4-fluoro-N-[3-(3-methyl-piperidin-4-yloxy)-phenyl]-benzamide 
0 monohydrogen chloride salt cis isomer 1 



Combine N-[3-( 1 -benzyI-3-methyl-piperidin-4-y]oxy)-phenyl]-2-chloro-4-fluoro- 
benzamide cis isomer 1 (preparation 80, 0.52 g, 1.15 mmol), 1,2-dichloroethane (20 mL) 
and 1-chloroethyl chlorofoimate (1 .24 mL, 1 1.5 mmol), stir and heat at reflux. After 2 
5 hr., cool to ambient temperature and concentrate. Dissolve the residue in methanol (20 
mL), stir and heat at reflux. After 1 .5 hr.. cool to ambient temperature. Load reaction 
mixture on an SCX column (10 g), wash with methanol, elute with 2M 
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ammonia/methanol. Concentrate eluent. Purify residue by silica gel flash 
chromatography eluting with 10% (2M NH3/ methanol)/ methylene dichloride and 
converted to the mono hydrogen chloride salt to obtain the title compound (0.1 39g, 33%). 
Mass spectrum: obs. m/z 363.1292 ; calc. m/z 363.1275; Analysis calculated for CJ9H21 
CI2 F N2 O2 O.35 H2O: C, 56.39; H, 5.38; N, 6.92. Found: C. 56.43; H, 5.48; N, 6.73. 

Example 63. 2-chloro-4-fluoro-N-[3-(3-methyl-piperidin-4-yloxy)-phenyl]-ben2amide 
monohydrogen chloride salt cis isomer 2 




Dissolve N-(3-(l-benzy]-3-methyl-piperidin-4-yloxy)-phenyl]-2-chloro-4-fluoro- 
benzamide cis isomer 2 (preparation 81, 0.49 g, 1.09 mmol) in 1,2-dichloroethane (20 
mL) and treat with 1-chloroethyl chlorofoimate (1.18 mL, 10.9 mmol), heat and stir at 
reflux. After 2 hr., cool to ambient temperature and concentrate to an oil. Dissolve 
residue in methanol (20 mL), heat and stir at reflux. After 1 .5 hr., cool to ambient 
temperature. Load reaction mixture on an SCX colunm (10 g). wash with methanol, elute 
with 2M ammonia/ methanol. Concentrate eluent. Purify residue by silica gel flash 
chromatography eluting with 10% (2M NH3/ methanol)/ methylene dichloride and 
converted to the mono hydrogen chloride salt to obtain the title compound (0.156 g, 39%). 
Mass spectrum: Obs. m/z 363.1281; Calc. m/z 363.1275; Analysis calculated for 
C,9H2,Cl2FN2O2 0.9H2O: C, 54.92; H, 5.53; N, 6.74. Found: C, 54.89; H, 5.33; N, 6.63. 

E?famp)e 64. 2-Chloro-N-[3-(l ,3-dimethyl-piperidin-4-yloxy)-phenyl]-4-fluoro- 
benzamide monohydrogen chloride salt cis isomer 1 




Combine 2-chloro-4-fluoro-N-[3-(3-methyl-piperidin-4-yloxy)-phenyl]-bcnzamide 
cis isomer 1 (free base of example 62, 0.10 g, 0.28 mmol), dichloromethane (10 mL), and 
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37% foraialdehyde (0.23 mL, 2.8 mmol), stir at ambient temperature. After 10 minutes, 
add glacial acetic acid (0.024 mL, 0.42 mmol) and sodium-triacetoxyborohydride (0.09 g, 
0.42 mmol). After 1.5 hr., concentrate to an oil. Dissolve residue in methanol (10 mL) 
and load on an SCX column (lOg), wash with metiianol, elute with 2M 
ammonia/methanol. Concentrate eluent to obtain of the free base of the product(0.103 g, 
100%). Dissolve this material in 1:1 dichloromethane: diethyl ether and treat with IM 
hydrogen chloride in diethyl ether. Concentrate and dry under vacuum to obtain the title 
compound. Mass spectrum: Obs. m/z 377.1440; Calc. m/z 377.1432; 'H NMR 
(CDCl3)forthc free base: 7.9 (bs, IH), 7.8 (m, IH), 7.45 (m, IH), 7.2 (m, 2H), 7.1 (m, 
IH). 7.0 (m, IH), 6.7 (m, IH), 4.4 (m, IH), 2.5 (m, 2H), 2.3 (m, 5H), 2.1 (m, 2H), 1.8 (m. 
IH), 1.0(d, 3H). 

Example 65. 2-Chloro-N-[3-(l ,3-dimethyl-piperidin-4-yloxy)-phenyl]-4-fluoro- 
benzamide monohydrogen chloride salt cis isomer 2 

Combine 2-chloro-4-fluoro-N-[3-(3-methyl-piperidin-4-yloxy)-phenyl]-ben2amide 
cis isomer 2 (free base of Example 63, 0.10 g, 0.28 mmol), dichloromethane (10 mL), and 
37% formaldehyde (0.23 mL, 2.8 mmol), stir at ambient temperature. After 10 minutes, 
add glacial acetic acid (0.024 mL, 0.42 mmol) and sodium-triacetoxyborohydride (0.09 g, 
0.42 mmol). After 1 .5 hr.,concentrate to an oil. Dissolve residue in methanol (10 mL) 
and load on an SCX column (lOg), wash with methanol, elute with 2M ammonia/ 
methanol. Concentrate eluent to obtain the free base of the product (0.103 g, 1 00%). 
Dissolve this material in 1:1 dichloromethane:diethyl ether and treat with IM hydrogen 
chloride in diethyl ether. Concentrate and dry under vacuum to obtain the title compound. 
Mass spectrum: Obs. m/z 377.1448; Calc. m/z 377.1432; 'H NMR (CDCI3): 10.5 (bs, 
IH). 10.4 (bs, IH), 7.6 (m, 3H). 7.35 (m, IH), 7.3 (m, IH), 7.15 (m, IH), 6.8 (dd, IH), 4.5 
(m, IH), 3.25 (m, 2H), 3.0 (m, 2H), 2.8 (s, 3H), 2.3 (m, IH), 2.1 (m. 2H), 1 .0 (d, 3H). 

Using procedures similar to preparation 80, using the appropriate Ar-acyl chloride, 
prepare and isolate the analogous compounds as free bases as indicated below: 
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cis Isomer 2 cis Isomer 2 



rrep. 


At 


Data 


82 


2,4,6-trifluoro-phenyl 


Mass spectrum (electrospray): in/z=455.3 (M+1); 'H NMR 
(CDCI3): 8.2 (bs, IH), 7.4 (m, IH), 7.3 (m, 6H), 7.0 (dd, IH), 6.7 
(m, 3H), 4.4 (m, IH), 3.5 (m, 2H), 2.6 (m, 2H), 2.4 (m, 4H), 2.0 
(m, 2H), 1.8 (m, IH), 1.0 (d, 3H). 


83 


2 ,4-difluoro-phenyl 


Mass spectrum (electrospray): m/z=437.3 (M+1); 'H NMR 
(CDCI3): 8.3(d, IH), 8.2 (m, IH), 7.5 (m, IH), 7.35 (m, 4H), 
7.25 (m, 2H), 7.05 (m, 2H), 6.95 (dd, IH), 6.7 (dd, IH), 4.4 (m, 

(m, IH), 1.0 (d,3H). 


84 


■ 2-chloro-phenyl 


Mass spectrum (electrospray): m/z=435.3 (M+1); 'H NMR 
(CDCI3): 7.85 (bs, IH), 7.8 (dd, IH), 7.35 (m, lOH), 7.0 (dd, 
IH), 6.7 (dd, IH), 4.4 (m, IH), 3.55 (m, 2H), 2.6 (m, 2H), 2.4 
(m, 2H), 2.1 (m, 2H), 1.8 (m, IH), 1.0 (d, 3H). 


85 


2-chloro-6-fliioro- 
phenyl 


Mass spectrum (electrospray): myz=453.2 (M+1); 'HNMR 
(CDCI3): 7.9 (bs, IH), 7.4 (m, IH), 7.3 (m, 5H), 7.25 (m, 3H), 
7.0 (m, 2H), 6.7 (dd, IH), 4.4 (m. IH), 3.55 (m, 2H), 2.6 (m, 
2H), 2.4 (m, 2H), 2.1 (m, 2H). 1.8 (m, IH), 1.0 (d. 3). 



cis Isomer 2 

Using procedures similar to example 63, prepare, isolate, and convert the 

5 analogous compounds into the monohydrogen chloride salts as indicated below: 

I 
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Ex 
66 

67 


At 

2,4,6-trifliioro-phenyl 


~ Data . 

Mass spectrum (electrospray): m/z=365.2 (M+lpHNMR 

(CDCI3). 7.7 (bs, IH). 7.4 (m. IH). 7.2 (m, IH), 6.95 (dd, IH), 
6.7 (m, 3H). 4.4 (m, IH), 2.8 (m, 4H), 2.1 (m. m). 2.0 (m. 2H). 
1.6(m, lH),0.95(d,3H). 




2,4-difluoro-phenyl 


Mass spectrum: Obs. m/z J47.1583; Calc. m/z 347.157]7Th 

NMRCDMSO-de): 10.4 (bs, IH), 9.0 (bs, IH). 7.75 (m. IH), 7.5 
(s, IH). 7.4 (m, IH), 7.2 (m, 2H), 6.8 (m, IH). 4.5 (m, IH), 3.1 
(m, 2H). 2.9 (m. 2H), 2.25 (m, IH), 2.0 (m, 2H). 1.0 (d, 3H). 1 


68 
69 


2-chloro-pheny] 


Mass spectrum: Obs. m/z 345.1382; Calc. m/z 345.1370; 'h 
NMR (DMSO-da): 10.5 (bs, IH), 9.1 (bs. IH). 7.5 (m, 5^. 7.2 
(m, 2H), 6.8 (m. IH). 4.5 (m, IH), 3.1 (m, 2H). 2 9 fm 2m 2 ^ 
(m, IH). 2.0 (m, 2H), 1.0 (d, 3H). 




2-ch]oro-6-fluoro- 
phenyl 


Mass spectrum: Obs. m/z 363.1293; Calc. m/z 363.1275711 

NMR (DMSO-de): 10.8 (bs. IH). 9.0 (bs, IH), 7.5 (m, 2H). 7.4 
(m. 2H). 7.3 (m. IH), 7.15 (m, IH). 6.8 (dd. IH). 4.55 (m. IH). 
3.1 (m, 2H). 2.95 (m. 2H). 2.25 (m. IH). 2.0 (m, 2H), 1 .0 (d 
3H). 



cis Isomer 2 ^x^'^ 



Using procedures similar to example 65, prepare, isolate, and convert the 
analogous compounds into the monohydrogen chloride salts as indicated below: 



70 



Mass spectrum: Obs. m/z 379.1629; Calc. m/z " 
379.1633; 'H NMR (DMSO-de): 10.8 (bs, IH). 10.5 
(bs. IH), 7.55 (s, IH), 7.4 (m, 2H), 7.3 (m. IH). 7.1 (m. 
IH). 6.8 (m, IH). 4.5 (m, IH). 3.3 (m. 2H), 3.0 (m, 
2H).2.8(s.3H). 2.3 (m. IH). 2.1 (m, 2H), 1.0 (d, 3H). 
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Ex. 


At 


Date ' 


71 


2,4-difluoro-phenyl 


Mass spectrum: Obs. m/z 361.1735; Calc. m/z 
361.1728, 'H NMR (DMSO-dg): 10.6 (bs. IH), 10.4 
(bs, IH), 7.75 (m, IH). 7.6 (s, IH), 7.4 (m, IH), 7.2 (m. 
3H), 6.8 (m, IH). 4.5 (m, IH), 3.25 (m, 2H), 3.0 (m, 
^H), (s, 3H), 2.35 (m, IH), 2.1 (m, 2H), 1 .0 (d, 3H). 


72 


2-chloro-phenyl 

* 


Mass spectrum: Obs. m/z 359.1 537; Calc. m/z 
359.1526. 'HNMR(DMSO-d6): 10.7 (bs, IH), 10.5 
(bs, IH), 7.5 (m, 5H), 7.2 (m, 2H), 6.8 (m, IH), 4.5 (m, 
IH), 3.25 (m, 2H), 3.0 (m, 2H), 2.8 (s, 3H). 2.35 (m. 
IH), 2.1 (m, 2H),1.0(d, 3H). 


73 


2-chIoro-6-flvioro- 
phenyl 


Mass spectrum: Obs. m/z 377.1443; Calc m/z 
377.1432, 'HNMR(DMSO-d6): 10.8 (bs, IH), 10.6 
(bs, IH), 7.55 (m, 2H), 7.4 (m, 2H), 7.3 (m, IH), 7.1 
(m, IH), 6.8 (dd, IH), 4.5 (m, IH), 3.25 (m, 2H), 3.0 
(m, 2H). 2.8 (s, 3H). 2.35 (m, IH), 2.1 (m. 2H). 1.0 (d. 
3H). 



Preparation 86. 4-[3-(2-Ch]oro-4-fluoro-benzoylamino)-phenoxy]-m.2-methyl- 
piperidine-l-carboxylic acid ferz-butyl ester isomer 2 




CI 



Combine 4-(3-amino-phenoxy)-cw-2-methyl-piperidine-l-carboxy]ic acid ten- 
butyl ester isomer 2 (preparation 39. 0.29 g), triethy] amine (95 mg), and 2-chloro-4- 
fluorobenzoyl chloride (0.201 g) in THF (10 mL) and stir at room temperature. After 
1 8 hr., partition between ethyl acetate and saturated aqueous NaCl, diy over anhydrous 
sodium sulfate, evaporate and dry in vacuum to give the title compound (0.464 g). Mass 
spectrum (electrospray) m/z = 461 (M-l); 'H NMR (CDCla): 7.87(br s. IH) 7 72 (dd 
IH), 7.37 (t. IH). 7.19 (dd. IH). 7.13 (dd, IH). 7.02 (ddd, IH). 6.97 (dd. IH), 6.64 (dd 
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IH), 4.63 (m, IH), 4.28 (m, IH), 3.81 (m, IH), 3.20 (m, IH), 1.88 (m, 2H), 1 .81 (m. IH), 
1.67 (m, IH), 1.40 (s, 9H), 1.24 (d, J= 7.1 Hz, 3H). (fi]e:nui4-aO 1246-76). 

Preparation 87. Ex. 13 4-[3-(2-Chloro-4-fluoro-ben2oylamino)-phenoxy]-/ranj-2-methy]- 
piperidine-l-carboxylic acid /er/-butyl ester isomer 2 



Using a method similar to preparation 86, using 4-(3-amino-phenoxy)-/ranj-2- 
methyl-piperidine-l-carboxylic acid rert-buty] ester isomer 2 (preparation 40) gives the 
title compound. Mass spectrum (electrospray) m/z = 463 (M+1); 'H NMR (CDCI3): 8.12 
(br s, IH), 7.71 (dd, IH), 7.45 (t, IH), 7.23 (dd, IH), 7.15 (dd, IH), 7.05 (m. 2H), 6.69 
(dd, IH), 4.54 (m, 2H). 4.07 (m. IH), 2.94 (m, IH), 2.12 (m, IH). 2.03 (m. IH), 1.68 (m, 
IH). 1.53 (m, IH). 1.44 (s, 9H), 1.21 (d, J= 7.1 Hz. 3H). (file:mn4-aO 1246-83). 

Example 74. 2-Chloro-4-fluoro-N-[3-(cts-2-methyl-piperidin-4-yloxy)-phenyl]- 
benzamide isomer 2 



Add 0.7 mL of cone, hydrochloric acid into a solution of 4-[3-(2-chloro-4-fluoro- 
benzoy]amino)-phenoxy]-cfe-2-methyl-piperidine-l-carboxy]ic acid tert-hxxty] ester 
isomer 2 (Preparation 86. 0.464 g) in 1,4-dioxane 20 mL and heat at 100°C for 40 min. 
Partition between ethyl acetate and saturated aqueous NaCl, dry over anhydrous sodium 
sulfate, evaporate and purity on a silica gel column (10 g, solvent: dichIoromethane-2M 
NH3 in methanol, gradient) to give the title compound (0.298 g). Mass spectrum 
(electrospray) m/z = 363 (M+1); 'H NMR (CDCla): 7.94 (br s, IH), 7.77 (dd, IH), 7.41 (t, 
IH), 7.24 (t, IH), 7.19 (dd, IH), 7.08 (m, 2H), 6.72 (m, IH), 4.29 (m, IH), 3.46 (s, 3H). 
3.17 (m, IH), 2.73 (m. 2H), 2.14 (m, 2H), 1.69 (br, IH), 1.51 (m. IH). 1.22 (m, IH). 1.14 
(d.J=6.4Hz, 3H). 
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Dissolve the benzamide (0.1 15 g) in dichloromethane-methanol and add 0.31 mL 
of IN HCl in ether, evaporate and dry in vacuum to give the hydrochloric acid salt. 

Example 7g, 2-Ch]oro-4-fluoro-N-[3-(fr^7n*-2-methyl-piperidin-4-yloxy)-phenyl]- 
benzamide isomer 2 hydrochloride 




Using a method similar to example 74, using 4-[3-(2-chloro-4-fluoro- 
benzoy]amino)-phenoxy]-rro«j-2-methyl-piperidine-l-carboxylic acid /er/-butyl ester 
isomer 2 (preparation 87). gives the title compound. Mass spectrum (elcctrospray) m/z = 
363 (M+1); 'H NMR (CDCI3): 8.07 (br s. IH), 7.74 (dd, IH), 7.41 (t, IH), 7.24 (t, IH), 
7.18 (dd, IH), 7.06 (m, 2H), 6.71 (dd, IH), 4.69 (m, IH), 3.09 (m, 2H), 2.86 (m, IH), ' 
1.96 (m, 2H), 1.67 (m, IH), 1.36 (m, IH), 1.04 (d. J= 6.4 Hz. 3H). 

Example 76. 2-Chloro-N-[3-(l ,cw-2-dimethyl-piperidin-4.yloxy>phenyl]-4-fluoro- 
benzamide isomer 2 




Mix 2-ch]oro-4-fluoro-N-[3-(2-methy]-piperidin-4-yloxy)-phenyl].benzamide 
isomer 2 (example 74, 0.169 g). formaldehyde (37%, 0.2 mL), sodium 
triacetoxyborohydride (0.138 g) and acetic acid (0.070 g) with dichloromethane (10 mL) 
and stir for two hours. Dilute with methanol (5 mL) and load on a SCX column (10 g). 
wash with methanol, elute with 2M NHa-methanol, evaporate to give the title compound 
(0.1 66 g, 94%). Mass spectrum (electrospray) m/z = 377 (M+1); 'H NMR (CDCI3): 7.87 
(br s, IH). 7.79 (dd, IH). 7.42 (m. IH). 7.25 (t. IH). 7.20 (dd, IH). 7.08 (m, 2H). 6.72 
(dd. IH). 4.27 (m. IH), 2.99 (m, IH), 2.33 (s, 3H), 2.25 (m, IH). 2.13 (m. 3H), 1.80 (m, 
IH), 1 .53 (m, IH), 1 .17 (d, J= 5.9 Hz, 3H). 
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Dissolve the benzamide (0.166 g) in dichloromethane-methanol and add 0.44 mL 
of IN HQ in ether, evaporate and diy in vacuum to give the hydrochloric acid salt. 

Example 77. 2-Chloro-N-[3-(l ,/ra»s-2-dimethyl-piperidin-4-yloxy)-phenyl]-4-fluoro- 
benzamide isomer 2 hydrochloride 

Using a method similar to example 76, using 2-ch]oro-4-fluoro-N-[3-(/TO/w-2- 
methyl-piperidin-4-yloxy)-phenyl]-ben2amide isomer 2 (example 75) gives the title 
compound: mass spectrum (electrospray) m/z = 377 (M+1); 'H NMR (CDCI3): 8.07 (br s, 
IH), 7.74 (dd, IH), 7.41 (t, IH), 7.24 (t, IH). 7.18 (dd, IH), 7.06 (m, 2H), 6.71 (dd, IH), 
4.69 (m. IH), 3.09 (m, 2H), 2.86 (m, IH), 1.96 (m. 2H), 1.67 (m, IH), 1.36 (m, IH), 1.04 
(d, J= 6.4 Hz, 3H). 

Preparation 88. N-[3-( 1 -Benzyl-3-fraw-methyl-piperidin-4-yloxy)-phenyl]-2-chloro-4- 
fluoro-benzamide 

Vi-cr-xiijo 

Heat a solution of racemic 3-(l-benzyl-3-rrans'-methyl-piperidin-4-y]oxy)- 
phenylamine (preparation 44, 0.220 g) and 2-chloro-4-fluoroben2oyl chloride (0.158 g) in 
1 ,4-dioxane (10 mL) at reflux for 2 hours. Load the reaction mixture onto a SCX column 
(10 g) and wash the column with methanol. Elute the product with 2N NHa-methanol and 
evaporate to give the title compound (0.324 g): 'H NMR (CDCI3): 7.97 (br s, IH), 
7.74(dd, IH), 7.41 (t, IH), 7.33 (m, 4H), 7.26 (m, IH). 7.23 (m, IH), 7.17(dd, IH). 7.07 
(m, 2H), 6.72 (m. IH). 3.83 (m. IH), 3.52 (s. 2H), 2.86 (m, 2H), 2.13 (m, 2H), 2.02 (m, 
IH), 1.86 (m, IH), 1.68 (m, IH), 0.99 (d, J= 6.6 Hz, 3H). (file: mn4-a0 1246-93) 
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Isolate the product ijsing a chiral column (Chiralpak AD 4.6x250mm, eluent: 10% 
IPA, 90% heptane with 0.2% DMEA) to give isomer 1 (58 mg, 99%ee) and isomer 2 (48 
mg, 97%ee). 



Using a method similar to preparation 88, using racemic 3-(l-benzyl-rr<27w-3- 
methyl-piperidin-4-yIoxy)-phenylamine (preparation 44) and the appropriate Ar-acy] 
chloride, prepare the analogous free base compounds indicated below: 




Prep. 


Ar 


Data 


89 


2,4,6-trichloro- 
phenyl, racemic 
6 


mass spectrum (electric spray) m/z = 503 (M+1); 'H NMR 
(CDCI3): 7.46 (br s, IH), 7.38 (s. 2H). 7.37 (m, IH), 7.32 (m, 
4H), 7.26 (m, IH), 7.24 (m, IH), 7,05 (m, IH), 6.73 (m, IH), 
3.82 (m, IH), 3.51 (s, 2H), 2.85 (m, 2H), 2.12 (m, 2H), 2.00 (m, 
IH), 1.84 (m, IH), 1.66 (m, IH), 0.99 (d, J= 6.4 Hz, 3H). 


90 


2,4,6-trifluoro- 
phenyl, racemic 


'H NMR (CDCI3): 7.59 (br s, IH), 7.40 (t, IH), 7.33 (m, 4H), 
7.25 (m, 2H), 7.02 (m, IH), 6.75 (m, 3H), 3.83 (m, IH), 3.51 (s, 
2H), 2.86 (m, 2H), 2.14 (m. 2H), 2.00 (m, IH). 1.85 (m, IH), 
1.67 (m, IH), 0.99 (d, J= 6.4 Hz, 3H). 


91 


2-chloro-6- 

fluoro-pheny], 

racemic 


'HNMR (CDCI3): 7.53 (br s, IH), 7.41 (m, IH), 7.34 (m, 5H), 
7.25 (m, 3H), 7.06 (m. 2H), 6.72 (m, IH), 3.83 (m, IH), 3.52 (s, 
2H), 2.86 (m, 2H), 2.13 (m, 2H), 2.02 (m, IH), 1.86 (m, IH), 
1.68 (ra, IH), 0.99 (d, J= 6.4 Hz, 3H). 
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10 



ExaniEleTL 2.Chlo 
benzamide isomer 1 




Combine N-[3-(l-benzyl-3-/rfl«^-methyl-piperidin-4-y]oxy)-phenyl]-2-chloro-4- 
fluoro-benzamide isomer 1 (preparation 88. 58 mg), and ] -chloroethyl chloroformate (183 
mg) m 1,2-dichloroethane (10 mL) and reflux. After 1 hr., dilute the reaction mixture 
with methanol and load onto a SCX column (10 g) and wash the column with methanol 
Elute the product with 2N NHa-methanol, evapoiate and purify on a silica gel column (10 
g, solvent: dichloromethane-2M NH3 in methanol, gi^dient) to g.ve the title compound 
(43 mg). Mass spectrum (electrospray) miz = 363 (M+1); 'h NMR (CDCh)- 7 90 (br s 
IH). 7.79 (dd. IH). 7.43 (t. IH), 7.25 (t, IH), 7.20 (dd. IH), 7,10(m, IH). 7.05 (m. IH) ' 
6.73 (m. IH). 3.92 (m. IH). 3.12 (m, 2H). 2.71 (m. IH). 2.40 (m. IH), 2.17 (m, IH), 1.90 
(m. IH), 1.50 (m, IH), 1.01 (d. J= 6.6 Hz, 3H). 

Dissolve the benzamide (1 3.2 mg) in dichloromethane-methanol and add 0.04 mL 
15 _P/JN HClin.ether, evaporate and diym vacuum, to aye.the hydrochloric acid salt. 

Using a method similar to example 78. prepare the analogous compounds and 
their hydrochloride salts as indicated below: 



20 



Ex. 


Ar 


Data 


79 


2-chloro-4- 
fluorophenyl 
isomer 2 


mass spectrum (electrospray) m/z = 363 (M+1); 'h NMR 
(CDCl3)(free base): 7.84 (br s, IH). 7.82 (dd. IH). 7.45 (m, IH), 
7.24 (m, 2H), 7.1 1 (m, IH). 7.05 (dd. IH), 6.73 (dd, IH). 3.95 
(m. IH), 3.18 (m, 2H), 2.77 (m, IH). 2.45 (m, IH). 2.21 (m. IH). 
1 .90 (m, IH), 1.52 (m, IH). 1 .05 (d. J= 6.6 Hz. 3H). 
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Ex. 


At 


Data 


80 


2,4,6- 

trichloropheny] 
isomer 2 


mass spectrum (electric spray) m/z = 413 (M+1); 'h NMR 
(CDCI3): 8,74 (br s, IH), 7.36 (t, IH), 7.30 (s, 2H), 7.21 (t, IH), 
7.06 (m, IH), 6.70 (m, IH), 3.82 (m, IH), 3.00 (m, 2H), 2.58 (m, 
IH), 2.25 (m, IH). 2.1 Hm IH) 1 7Wm im i 41 rm im 
0.95 (d, J= 6.4 Hz, 3H). 


81 


2A6- 

trifluoropheny] 
isomer 2 


mass spectrum (electric spray) m/z = 365 (M+1); 'h NMR 
(CDCla): 7.64 (br s. IH), 7.43 (t, IH), 7.24 (m, IH), 7.02 (m, 
IH), 6.76 (m, 3H), 3.91 (m, IH), 3.13 (m, 2H), 2.70 (m, IH), 
2.39 (m, IH), 2.17 (m, IH), 2.03 (br, IH), 1.83 (m. IH), 1.51 (m, 
IH). 1.01 (d,J=6.4Hz, 3H). 


82 


2-chloro-6- 
fluoro 
isomer 2 


mass spectrum (electric spray) m/z = 363 (M+1); 'H NMR 
(CDCI3): 8.57 (br s, IH), 7.40 (m, IH), 7.30 (m, IH), 7.21 im, 
2H), 7.04 (m, 2H), 6.68 (m, IH), 3.86 (m, IH), 3.04 (m, 2H). 
2.63 (m, 2H), 2.30 (m, IH), 2.14 (m, IH), 1.77 (m, IH), 1.44 (m, 
IH), 0.96(d,J=6.4H2, 3H). 



Example 83. 2-Ch]oro-N-[3-(l,3-dimethyl-pip.eridin-4-rra«s-yloxy)-phenyl]-4-fluoro- 
benzamide isomer 1 



5 




Mix2-ch]oro-4-fluoro-N-[3-(3-/ranj-methy]-piperidin-4-yloxy)-phenyl]- 
benzamide isomer 1 (example 78, 30 mg), formaldehyde (37%, 25 mg), sodium 
triacetoxyborohydride (23 mg) and acetic acid (13 mg) with dichloromethane (5 mL) and 
stir overnight. Dilute with methanol and load on a SCX column (1 0 g), wash with 
0 methanol, elute with 2M NHs-methanol, evaporate to give the title compound (23 .2 mg). 
Mass spectrum (electrospray) m/z = 377 (M+1); 'h NMR (CDCI3): 7.84 (br s, IH), 7.80 
(dd. IH). 7.43 (t, IH), 7.26 (t, IH), 7.21 (dd, IH). 7.1 l(m, IH), 7.04 (m, IH). 6.73 (m, 
IH), 3.84 (m. IH), 2.86 (m, 2H), 2.30 (s, 3H), 2.16 (m, 2H), 2.04 (m. IH), 1.87 (m, IH), 
1.71 (m, IH), 1.03 (d, J= 6.6 Hz, 3H). 
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Dissolve the benzamide (23.2 mg) in dicWoromethane-methanol and add 0.062 
mL of IN HCl in ether, evaporate and dry in vacuum to give the hydrochloric acid salt. 

Using a method similar to example 83, prepare the analogous compounds and 
5 their mono-hydrochlorides as indicated below: 




Ex. 


Ar 


Data 


84 


2-chloro-4- 
fluoro 
isomer 2 
(free base) 


mass spectrum (electrospray) m/z = 377 (M+1); NMR 
vv-A-^j3Aucc u<i5c^. /.so ^or s, \n.), i.iM (dd, IH), 7.43 (m, IH), 
7.25 (m, IH), 7.20 (m, IH), 7.] 0 (m, IH), 7.04 (m,, IH), 6.72 (m, 
IH), 3.83 (m, IH), 2.85 (m, 2H). 2.29 (s. 3H). 2.13 (m, 2H). 2.05 
(m. IH). 1.86 (m, IH), 1.70 (m, IH), 1.03 (d, J=6.4Hz, 3H). 


85 


2,4,6-trichloro 
isomer 2 

( free H*i^^^ 
LY 675527 


mass spectrum (electrospray) m/z = 427 (M+1); ^H NMR 
(CDCl3)(free base): 7.98 (br s, IH), 7.39 (dd, IH), 7.33 (s. 2H), 
/./J (.dd, m), 7.06 (m, IH), 6.72 (m, IH), 3.80 (m, IH), 2.83 
(m, 2H), 2.28 (s, 3H), 2.13 (m, 2H), 2.02 (m, IH), 1.85 (m, IH). 
1.70 (m, IH), 1.00 (d. J= 6.7 Hz, 3H). 


86 


2,4,6-trifluoro 
isomer 2 
(free base) 


mass spectrum (electrospray) m/z = 379 (M+1); 'H NMR 
(CDCl3)(freebase): 7.84 (brs, IH), 7.41 (dd, IH), 7.22 (m, IH), 
7.02 (m, IH), 6.73 (m, 3H), 3.80 (m, IH), 2.81 (m, 2H), 2.26 (s, 
3H), 2.10 (m, 2H). 2.00 (m, IH), 1.80 (m. IH). 1.65 (m. IH), 
1.00 (d,J= 6.9 Hz, 3H). 


87 


2-chloro-6- 
fluoropheny] 
isomer 2 
(free base) 
LY 675529 


mass spectrum (electrospray) m/z = 377 (M+1); 'H NMR 
(CDClaXfree base): 7.81 (br s. IH). 7.42 (m. IH). 7.33 (m. IH), 
7.23 (m, 2H), 7.06 (m, 2H), 6.75 (m, IH), 3.80 (m, IH), 2.81 (m, 
2H), 2.26 (s, 3H), 2.12 (m, 2H), 2.01 (m, IH), 1.81 (m. IH). 1.65 
(m, IH), 1 .21 (d, J= 6.9 Piz. 3H). 



109 



wo 2004/094380 



PCT/US2004/009283 



Preparation 92 . 4-[6-(2,4,6-Trifluoro-benzoylamuio)-pyridin-2-yloxy]-piperidine-l - 
carboxylic acid tert-huty] ester 




Add 2,4,6-trifluorobenzoyl chloride (1.64 g, 8.42 mmol) to a solution of 4-(6- 
aniino-pyridin-2-yloxy)-piperidine-l -carboxylic acid rerr-butyl ester (preparation 71, 2.06 
g, 7.02 mmol) in triethylamine (1.066 g, 1 .5 mL, 10.53 mmol) and THF (70 mL). Heat at 
40 °C overnight. Dilute the mixture with ethyl acetate, wash with 0.1 N HCl, saturated 
NaHCOs solution and saturated NaCl solution sequentially. Dry over Na2S04, filter and 
concentrate to give a residue. Chromatography (silica gel) eluting with 14% ethyl acetate 
in hexanes provides 2.482 g (78%) of the title compound: mass spectrum (ion spray): m/z 
= 452.1 (M+1); 'H NMR (CDCI3, ppm): 8.01 (s, br, IH), 7.87 (d, br, IH), 7.67 (t, IH), 
6.81 (m, 2H), 6.55 (d, IH), 5.1 1 (m, IH). 3.73 (m, 2H), 3.33 (m, 2H), 1.93 (m, 2H), 1.74 
(m2H), 1.49(s.9H). 



Example 84 . 2,4,6-Trifluoro-N-[6-(piperidin-4-yloxy)pyridin-2-yl]-benzamide 

Add trifluoroacetic acid (20 mL) to a solution of 4-[6-(2,4,6-trifluoro- 
bcnzoylamino)-pyridin-2-yloxy]-piperidine-l-carboxylic acid «er/-butyl ester (preparation 
92, 2.482 g, 5.5 mmol) in methylene dichloride (50 mL) and stir for 30 min. Remove 
volatiles, dissolve the residue in methylene dichloride, adjust pH>l 1 with IN NaOH, 
extract with methylene dichloride three times. Combine the organic layers, dry over 
Na2S04, filter and concentrate to give a residue. Reciystalization (ethanol-H20) provides 
1 .625 g of the title compound as a white solid. Concentrate themother liquor and further 
purify by chromatography (silica gel, eluting with 5.5% 2M NHa-methanoI in CH2CI2) to 
provide another 200 mg (total yield 94%) of the title compound: mass spectrum (ion 
spray): m/z = 352.0 (M+1); 'h NMR (CDCI3, ppm): 8.35 (br, IH). 7.68 (d, br. IH). 7.46 
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(t, IH), 6.60 (m, 2H), 6.34 (d, IH), 4.84 (m, IH), 2.93 (m, 2H), 2,59 (m, 2H), 1.85 (m, 
2H), 1.46 (m, 3H). 

Example 85. 2,4,6-Trifluoro-N-[6-(l-propy]-piperidin-4-y]oxy)-pyridin-2-^^ 



Combine 2,4,6-trifluorO"N-[6-(piperidm-4-y]oxy)pyridin-2-yl].benzamide 
(example 84, 250 mg, 0.71 mmol), propionaldehyde (124 mg, 2.14 mmol), acetic acid (85 
mg, 1 .42 mmol), molecular sieve 4A (0.4 g) and THF (6 mL), stir for 1 5 min. Then add 
NaBH(tri-acetate) portionwise and stir for 3 hr. Quench the reaction with O.IN NaOH, 

10 extract with methylene dichloride three times. Combine the organic layers, dry over 

Na2S04, filter and concentrate to give a residue. Chromatography (silica gel) eluting with 
5% 2M NHa-methanol in methylene dichloride provides 192 mg (69%) of the title 
compound: mass spectrum (ion spray): m/z = 394.1 (M+1); NMR (CDCI3, ppm): 8.00 
(s, br, IH), 7.84 (d, br, IH), 7.64 (t, IH), 6.78 (m, 2H), 6.52 (d, IH), 4.94 (m, IH), 2.75 

15 (m, 2H), 2.32 (m, 4H), 2.04 (m, 2H), 1 .85 (m, 2H), 1 .55 (m, 2H), 0.92 (t, 3H). Mono- 

hydrochloride salt: Anal cald for C2oH22F3N302 HCl-0.25H20: C, 55.30; H, 5.45; N, 9.67. 
Found: C, 55.13; H, 5.36; N, 9.61. 

Example 86. 2,4,6-Trifluoro-N-[6-(l -ethyl-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 



Using a method similar to example 85, using acetaldehyde provides the title 
compound (36%): mass spectrum (ion spray): m/z = 380.1 (M+1); ^H NMR (CDCI3, 



ppm): 8.00 (s, br, IH), 7,85 (d, br, IH), 7.65 (t, IH), 6.79 (m, 2H), 6.54 (d, IH), 4,96 (m, 
IH), 2.75 (m, 2H), 2.46 (q, 2H), 2.33 (m, 2H), 2.03 (m, 2H), 1 .84 (m, 2H), 1 .12 (t, 3H). 
25 Mono-hydrochloride salt: Anal cald for C19H20F3N3O2 HCI: C, 54.88; H, 5.09; N, 10.10. 
Found: C, 54.58; H, 5.07; N, 10.21. 



5 




20 
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Example 87 . 2,4,6-Trifluoro-N-(6-{l-[2-(l-isopropy]-lH-pyra2ol.4-yl)-ethyI]-piperidin- 
4-y]oxy}-pyridin-2-yl)-ben2amide 

Combine 2,4,6-trifluoro-N-[6-(piperidin-4-yloxy)pyridin-2-yI]-benzamide 
(example 84, 250 mg, 0.71 mmol). NaHCOs (96 mg, 1.14 mmol). KI (24 mg, 0.14 mmol) 
and DMF (5 mL). Add methanesulfonic acid 2-(isopropyl.lH-pyrazo]-4-yl)-ethyl ester 
(214 mg, 0.92 mmol) dropwise to the above mixture and then heat at 80 overnight. 
Quench the reaction with O.IN NaOH solution, extract with ether/ethylacetate (8:1) three 
times. Combine the organic layers, dry over Na2S04. filter and concentrate to give a 
residue. Chromatography (silica gel) eluting with 3-4% methanol in methylene dichloride 
provides 96 mg (28%) of the titie compound as a white solid: mass spectrum (ion spray): 
m/2 = 488.1 (M+1); 'HNMR (CDCla.ppm): 8.04 (s. br. IH). 7.86 (d. br. IH), 7.65 (t. 
IH), 7.37 (s, IH), 7.27 (s, IH). 6.81 (m. 2H), 6.55 (d. IH), 4.98 (m, IH). 4.45 (hept, IH). 
2.81 (m, 2H), 2.68 (m, 2H); 2:59-(m, 2H);-2;42 (mV2H);;2.04 (m, 2H). 1.88 (m, 2H), 1.49 
(d, 6H). Hydrochloride salt: Anal cald for C2sH28F3N5O2-HCl-0.5H2O: C, 56.34; H, 5.67; 
N, 13.14. Found: C, 56.35; H, 5.58; N, 12.96. 

Preparation 93. N-[6-(l-Ben2yl-2.2-dimethyl-piperidin-4-yloxy)-pyridin-2-yl]-2-chloro- 
4-fluoro-benzamide 




Combine 6-(l-ben2yl-2,2-dimethyl-piperidin-4-yloxy)-pyridin-2-ylamine 
(preparation 66, 0.537 g. 1.72 mmol), 1,4-dioxane (20 mL) and 2-chloro-4-fluoro-benzoyl 
chloride (0.20 g, 1.04 mmol), stir and heat to reflux. After 1.5 hr., cool to ambient 
temperature and concentrate. Dissolve the residue in methanol (10 mL) and load on an 
sex column (10 g); wash with methanol (2x50 mL); elute product with 2M 



112 



wo 2004/094380 



PCT/US2004/009283 



ammonia/methanol (2x50 mL). Concentrate the eluent Purify the crude mixture by silica 
gel flash chromatography eluting with 9:1 hexanerethyl acetate to obtain the title 
compound (0.056 g 11.5%). Mass spectrum (electrospray): m/z=468.2 (M+1); 'h NMR 
(CDCI3): 8.3 (bs. IH), 7.8 (m, 2H), 7.6 (dd. IH), 7.3 (m, 6H), 7.1 (m, IH). 6.5 (d, IH), 
5.1 (m, IH), 3.9 (d. IH), 3.2 (d, IH), 2.65 (m, IH), 2.4 (m, IH), 2.0 (m, 2H). 1.7 (m, IH), 
1.6 (m, IH), 1.3 (s, 3H), 1.2 (s, 3H). 

^^°^P^^ N-[6-(2,2-dimethyl-piperidin-4-yloxy)-pyridin-2-yl]-4-fluoro-benzamide 




Combine N-[6-(l.ben2yl-2,2-dimethyl-piperidin-4-y]oxy)-pyridin-2-yl]-2-chloro- 
4-fluoro-berizamide (preparation 93, 0.056 g, 0.12 mmol), ethanol (5 mL), 10% 
palladium/caibon (0.01 g) and ammonium formate (0.064 g, 1 .2 mmol), stir and heat to 
80°C. After 16 hr., cool to ambient temperature. Filter through celite, rinsing with 
ethanol. Concentrate filtrate. Dissolve the residue in methanol (1 0 mL) and load on an 
sex column (10 g); wash with" methanol (2x50 mL); elute product with 2M 
ammoma/methanol (2x50 mL). Concentrate the eluent to obtain the title compound 
(0.042 g, 100%): Mass spectrum (electrospray): m/z=344.2 (M+l); 'H NMR (CDCI3): 
8.2 (bs, IH), 7.9 (m, 3H), 7.7 (m, IH), 7.2 (m, 2H), 6.5 (d, IH), 5.2 (m, IH), 3.1 (m, IH). 
3.0 (m, IH), 2.1 (m, IH), 2.0 (dd, IH), 1.5 (m, 2H), 1.25 (s, 6H). 

Example 89, 4-F]uoro-N-[6-(l,2,2-trimethyl-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 
dihydrogen chloride salt 



F 




2 HCI 

Combine N-[6-(2,2-dimethyI-piperidin-4-y]oxy)-pyridin-2-yl]-4-fluoro-ben2amide 
(example 88, 0.042 g, 0.12 mmol), dichloromethane (5 mL) and 37% aqueous 
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formaldehyde (0.10 mL, 1.22 nunol) with stiiring. After 5 min., add glacial acetic acid 
(0.02 mL. 0.30 mmol) followed by sodium-triacetoxyborohydride (0.033 g, 0.16 mmol). 
After stirring for 3 hr. at ambient temperature, concentrate. Dissolve the residue in 
methanol (10 mL) and load on an SCX collum (10 g); wash with methanol (2x50 mL); 
elute product with 2M ammonia/methanol (2x50 mL). Concentrate the eluent to an oil. 
Dissolve the oil in diethyl ether and treat with IM hydrogen chloride in diethyl ether (0.24 
mL, 0.24 mmol). Concentrate and vacuum dry to obtain of the title compound (0.041 g, 
79%). Mp.: 145''C; Mass spectrum: Obs. m/z 358.1915; Calc. m/z 358.1931; 'H NMR 
(CDCI3) for the free base: 8.1 (bs, IH), 7.8 (m, 3H), 7.6 (m, IH), 7.2 (m, 2H). 6.4 (d. IH), 
5.1 (m. IH), 2.8 (m, IH), 2.6 (m. IH). 2.3 (s, 3H), 2.2 (m, IH), 1.8 (m, 3H). 1.2 (s, 3H) 
1.1 (s. 3H), 

Preparation 94. N.[6-(l-Allyl-2-methyl-piperidin-4-yloxy)-pyridin-2-yl]-2-chloro-4- 
fluoro-benzamide 



2HCI I 



Using a method similar to preparation 93 , using 6-(]-alIyl-2-methyI-piperidin-4- 
yloxy)-pyridin-2-ylamine. the product is prepared and isolated. The title compound is 
obtained by converting the isolated product into the dihydrogen chloride salt using 2M 
HCl in diethyl ether (69%). Mass spectrum: Obs. m/z 404.1557; Calc. m/z 404.1541; 'h 
NMR (CDCl3)as the free base: 8.2 (bs, IH). 7.8 (m, 2H). 7.6 (dd. IH), 7.2 (d, IH), 7.l'(m, 
IH). 6.5 (d. IH). 6.0 (m. IH). 5.2 (m. 2H), 4.8 (m, IH), 3.5 (m. IH), 3.0 (m, 2H), 2.4 (m. ' 
IH), 2.2 (m, IH). 2.1 (m, 2H), 2.7 (m. IH), 1.5 (m, IH). 1.2 (d. 3H). 

Example 90. 2-Chloro-4-fluoro-N-[6-(2-methyl-piperidin-4-yloxy)-pyridin-2-yl]- 
benzamide dihydrogen chloride salt 
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F. 




Combine N-[6-( 1 -al]yl-2-methyl-piperidm-4-yloxy)-pyridin-2-yl]-2-chloro-4- 
fluoro-benzamide (preparation 94, 0.45 g, 1 .1 1 mmol), ethanol (9 mL), water (1 mL) and 
chlorotris(triphenylphosphine)-rhodium(I) (0.01 g, 0.01 1 mmol) stir and heat to reflux. 
5 Distill ofr about 5 mL solvent. Add more ethanol (4 mL), water (1 mL) and catalyst 
(0.005 g) and distill off another 5 mL solvent. Repeat 4 times. Cool reaction mixture to 
ambient temperature and load on an SCX column (lOg). Wash with methanol (2x50 mL) 
Elute the product with 2M ammonia/ methanol (2x50 mL). Concentrate eluent. Purify 
the residue by silica gel flash chromatography eluting with 10%(2M ammonia/methanol)/ 

10 dichloromethane to obtain of the title compound as a free base (0.07 g, 1 8%). Dissolve 
the oil in diethyl ether and treat with IM hydrogen chloride in diethyl. Concentrate and 
vacuum dry to obtain the title compound. Mass spectrum: Obs. m/z 364.1243; Calc. m/z 
364.1228; 'HNMR (CDC]3)as the free base: 8.4 (bs, IH), 7.85 (m. IH), 7.75 (dd, IH), 
7.6 (dd, IH), 7.2 (m, IH), 7.1 (m, IH), 6.5 (d, IH), 5.0 (m, IH), 3.2 (m, IH). 2.8 (m, 2H), 

15 2.1 (m, 2H), 2.0 (bs, IH), 1.5 (m, IH). 1.2 (m, IH). 1.15 (d, 3H). 

Example 91. 2-Chloro-4-fluoro -N-[6-(l,2-dimethyl-pipeiidin-4-yloxy)-pyridin-2-yl]- 
benzamide dihydrogen chloride salt 




Using a method similar to example 89, the title compound was prepared, isolated 
and converted into the dihydrogen chloride salt (90%) Mass spectrum: Obs. m/z 
378.1400; Calc. m/z 378.1385; 'H NMR (CDCl3)as the free base: 8.2 (bs, IH), 7.8 (m, 
2H), 7.6 (m, IH). 7.2 (m, IH), 7.1 (m. IH). 6.5 (d, IH), 4.9 (m. IH), 3.0 (ra, IH), 2.4 (s. 
3H), 2.2 (m. 2H), 2.1 (m, 2H). 1.8 (m. IH), 1.5 (m, IH). 1.2 (d. 3H). 
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Preparation 95. 4-[6-(2-Chloro-4-fluoro-benzoylamino)-pyridin-2-yloxy]-2-inethyl- 
piperidine-l-carboxylic acid iert-huty] ester cis isomer 1 




o ' 

Combine 4-(6-amino-pyridin-2-yloxy)-2-methy]-piperidine-]-carboxylic acid ten- 
buty] ester cis isomer 1 (preparation 63, 0.025 g, 0.08 mmol). 2-chloro-4-fluoro.ben2oyl 
chloride (0.10 g, 0.52 mmol), triethylamine (0.10 mL, 0.69 mmol) and 1,4-dioxane (10 
mL), stir and heat to reflux. After 3 hr., cool to ambient temperature, dilute with 
methanol (1 0 mL) and load on an SCX column (1 Og). Wash with methanol (2x25 mL). 
Elute product with 2M ammonia/metiianol (2x25 mL). Eluent concenti^ted to give crude 
titie compound. Mass spectrum (electi-ospray): m/z=364.1 (M+l-lOO) loss of t-BOC from 
parent. Use without fiirther characterization in next step. 

^^^"^P'^ 2-Chloro-4-f]uoro-N-[6-(2-mcthyl-piperidin-4-y]oxy)-pyridin-2-y]]- 
benzamide di hydrogen chloride salt cis isomer 1 

2HCI 

Combine 4-[6-(2-chloro-4-fluoro-benzoylamino)-pyridin-2-yloxy]-2-methyl. 
piperidine-l-carboxylic acid fm-butyl ester cis isomer 1 (preparation 95, 0.20 g, 0.43 
mmol), toluene (20 mL) and p-toluenesulfonic acid monohydrate (1 .0 g, 5.26 mmol). stir 
and heat to reflux. After 2 hr., cool to ambient temperature, dilute with methanol (5 mL) 
and load on an SCX column (10 g). Wash with methanol (2x25 mL), elute with 2M 
NHa/methanol (2x25 mL). Concentrate eluent to give crude product. Purify tiie residue 
by silica gel flash chromatography eluting with 10%(2M ammonia/methanol)/ 
dichloromethane to obtain the titie compound as a free base (0.12 g, 77%). Dissolve in 
diethyl ether and treat with IM hydrogen chloride in diethyl ether. Concentrate and 
vacuum diy to obtain tiie titie compound. Mass spectinam: Obs. m/z 364.1232; Calc. m/z 
364.1228; 'HNMR (CDCI3): 8.4 (bs. IH). 7.82 (d, IH). 7.75 (dd, IH), 7.64 (dd. IH) 
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7.21 (d, IH), 7.1 (dd, IH), 6.5 (d, IH), 4.92 (m, IH), 3.18 (m, IH), 2.77 (m, 2H), 2.14 (m, 
2H), 1.5 (m, IH), 1.22 (m, 2H), 1.15 (d, 3H). 

Example 93. 2-Ch]oro-N-[6-(l,2-dimethyI-piperidin-4-y]oxy)-pyridin-2-yl]-4-fluoro- 
5 benzamide dihydrogen chloride salt cis isomer 1 




Using a method similar to example 89 , using 2-Ch]oro-4-fluoro-N-[6-(2-methyI- 
piperidin-4-yloxy)-pyridii]-2-yI]-benzamide di hydrogen chloride salt cis isomer 1 
1 0 (example 92), the title compound was prepared, isolated and converted to the dihydrogen 
chloride salt (70%). Mass spectrum (electrospray): m/z=378.1 (M+1); 'H NMR (CDCI3) 
of the free base: 8.2 (bs, IH), 7.8 (m, 2H), 7.75 (m, IH), 7.6 (m. IH), 7.2 (m, IH), 7.12 
(m, IH), 6.5 (d, IH). 4.84 (m, IH), 2.94 (m, IH), 2.3 (s. 3H), 2.2 (m, 4H), 1.75 (m, IH), 
1.45(m, IH). 1.17(d.3H). 

15 

Preparation 96. 4-[6-(2-Ch]oro-6-fluoro-benzoylamino)-pyridin-2-yloxy]-2-methyl- 
piperidine-l-carboxylic acid tert-hutyl ester cis isomer 1 




Combine 4-(6-Amino-pyridin-2-yloxy)-2-methyl-piperidine-]-carboxy]ic acid teri- 
2 0 butyl ester cis isomer 1 (preparation 63, 0.286 g, 0.93 mmol), 1,4-dioxane (10 mL), 

triethy] amine (0.16 mL, 1.12 mmol) and 2-chIoro-6-fluorobenzoyl chloride (0.21 5 g, 1.12 
mmol) with stirring at ambient temperature. After 2 hr., partition between water (50 mL) 
and 4:1 hexane:ethyl acetate (1 00 mL). Separate aqueous layer and wash with 4:1 
hexane:ethyl acetate (50 mL). Combine organic layers, dry over sodium sulfate, filter and 
2 5 concentrate to obtain the title compound (0.53 g,>l 00%). Mass spectrum (electrospray): 
m/z=462.3 (M-1); 'H NMR (CDCI3): 7.9 (m, 2H), 7.65 (dd, IH), 7.4 (m, IH), 7.25 (m. 
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IH), 7,1 (dd, IH), 6.5 (d, IH), 5.25 (m, IH), 4.35 (m, IH), 3.9 (m, IH), 3.25 (m, IH), 1.9 
(m, 3H), 1.7 (m, IH), 1.45 (s, 9H), 1.3 (d, 3H). 



Using a method similar to preparation 96, using the appropriate Ar-acylchloride, 
5 prepare and isolate the analogous compounds as indicated below 



Prep. 


Ar 


Data 


97 


2,4,6-Trichlroro- 
phenyl 


'H NMR (CDCI3): 2.8 (m, 2H), 7.6 (m, IH), 7.36 (s, 
2H), 6.45 (m, IH), 5.2 (m, IH), 4.25 (mi IH), 3.8 (m, 
IH), 3.15 (m, IH), 1.8 (m, 2H), 1.65 (m, IH). 1.55 (m, 
IH), 1.4 (s, 9H), 1.2 (d, 3H). 


98 


2,6-Dichloro-phenyl 


Mass spectrum (electrospray): m/2?=478.3 (M-1); 'H 
NMR (CDCI3): 7.85 (m. 2H), 7.65 (m. IH), 7.4 (m, 
3H), 6.55 (m, IH), 5.28 (m, IH), 4.35 (m, IH). 3.9 (m, 
IH). 3.25 (m, IH), 1.9 (m, 3H), 1.75 (m, IH). 1.5 (s, 
9H), 1.3 (d. 3H). 


99 


2-Bronio-phenyl 


Mass spectrum (electrospray): m/z=488.3 (M-1-1), 
490.3 (M+1-1); 'H NMR (CDCI3): 8.0 (bs. IH). 7.85 
(m, IH), 7.6 (m. 2H). 7.4 (m, 2H), 7.35 (m. IH), 6.5 
(d. IH), 5.25 (m, IH). 4.35 (m, IH), 3.9 (m, IH), 3.25 
(m, IH), 1.9 (m, 3H), 1.7 (m, IH), 1.45 (s. 9H). 1.3 (d, 
3H). 


100 


2,4,6-Trifluoro- 
phenyl 


Mass spectrum (electrospray): m/2=464.4 (M-1); 'H 
NMR (CDCI3): 7.95 (bs, IH), 7.82 (m. IH), 7.64 (dd. 
IH), 6.78 (m. 2H), 6.55 (d, IH), 5.24 (m, IH), 4.35 
(m, IH), 3.9 (m, IH). 3.24 (m. IH), 1.9 (m, 3H), 1.75 
(m, IH). 1.45 (s, 9H), 1.3 (d, 3H). 
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Prep. 


At 


Data ■ ■ 


101 


4-fluoro-pheny] 


Mass spectrum (electrospray): m/z=428.3 (M-1); 
NMR (CDCb): 8.15 (m, IH), 7.9 (m, 3H), 7.65 (dd, 
7.2 (m, 2H), 6.5 (d, IH), 5.3 (m, IH), 4,35 (m, 
IH), 3.9 (m, ]H), 3.28 (m, IH), 1.9 (m, 3H), 1.8 (m, 
IH), 1.44 (s, 9H), 1.27(d,3H). 


102 


2,4-Difluoro-pheny] 


Mass spectrum (electrospray): in/z==446.4 (M-1). 


103 


2,6-Difluoro-phenyl 


Mass spectrum (electrospray): m/z=446.4 (M-1) 


104 


2-Ch]oro-pheny] 


Mass spectrum (electrospray): m/2=444.3 (M-1) 



Using a method similar to example 92, using preparations -97 - 1-4, prepare, 
isolate, and convert the analogous compounds into their dihydrogen chloride salts as' 
5 indicated below: 



Ex. 


Ar 


Data 


94 


2,4,6-Trichlroro- 
phenyl 


Mass spectrum: Obs. nVz 414.0522; Calc. m/z 
414.0543; 'H NMR (CDCI3) for free base: 9.41 (bs, IH), 
7.93 (d, ]H), 7.63 (dd, IH), 7.42 (s, 2H), 6.5 (d, IH), 
4.97 (m, IH), 3.14 (m, IH), 2.8 (m, 2H), 2.12 (m. 2H), 
1 .44 (m, 2H), 1 .1 (m, IH), 1 .08 (d, 3H). 


95 


2,6-Dichloro-phenyl 


Mass spectrum: Obs. m/z 380.0931; Calc. m/z 
380.0932; 'H NMR (CDCla) for free base: 10.1^ (bs. 
IH), 8.0 (d, IH), 7.63 (dd, IH). 7.35 (m. 3H). 6.44 (d, 
IH), 4.98 (m, IH). 3.1 (m, IH), 2.8 (m, 2H). 2.15 (m. 
IH). 2.05 (m. IH), 1.37 (m, IH), 1.01 (m, 4H). 
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1 Ex. 


Ar 


Data " '■ ■ ■ 


96 


2-Bromo-phenyl 


Mass spectrum: Obs. m/z 390.0820; Calc. m/z 
390.0817; 'h NMR (CDCI3) for free base: 8.64 (bs, IH), 
7.90 (m. IH). 7.62 (m, 3H). 7,42 (m, IH), 7.36 (m, IH), 
6.48 (d, IH), 4.95 (m, IH), 3.14 (m, IH), 2.75 (m, 2H),' 
2.10 (m, 2H), 1.42 (m, IH). 1.3 (bs, IH), 1.12 (m, IH) 
1.08 (d, 3H). 


97 


2,4,6-Trifluoro- 
pheny] 


Mass spectrum: Obs. m/z 366.1429; Calc. m/z 
366.1429; 'HNMR (CDCI3) for fi^ base: 8.59 (bs, IH), 
7.85 (d, IH). 7.63 (dd, IH), 6.8 (dd, 2H), 6.5 (d, IH), 
4.95 (m, IH), 3.14 (m, IH), 2.76 (m, 2H), 2.1 (m, 2H), 
1.42 (m, IH), 1.17 (m, IH), l.U (d, 3H). 


98 


4-fluoro-pheny] 


Mass spectrum: Obs. m/z 330.1614; Calc. m/z 
330.1618; 'H NMR (CDCI3) for free base: 8.24 (bs, IH), 
7.88 (dd, 2H), 7.84 (d, IH), 7.62 (dd, IH), 7.19 (dd, 
2H), 6.48 (d. IH), 4.93 (m, IH), 3.18 (m, IH), 2.77 (m, 
2H), 2.1 (m, 2H), 1.44 (m, IH), 1.4 (bs, IH), 1.2 (m, 
IH), 1.15(d,3H). 


99 


2,4-Difluoro-pheny] 


Mass spectrum: Obs. m/z 348.1540; Calc. m/z 
348.1523; 'H NMR (CDCI3) for free base: 8.68 (bd, 
IH), 8.19 (m, IH), 7.88 (d, IH), 7.63 (dd, IH). 7.05 (m, 
IH). 6.95 (m. IH), 6.48 (d, IH), 4.97 (m, IH), 3.19 (m, 
IH). 2.8 (m, 2H), 2.15 (m, 2H), 1.5 (m, IH), 1 .39 (bs, 
IH), 1.21 (m, lH),l.l7(d, 3H). 


100 


2,6-Difluoro-phenyl 


Mass spectrum: Obs. m/z 348.1525; Calc. m/z 
348.1523; 'H NMR (CDCla) for free base: 9.08 (bs, IH), 
7.91 (d, IH), 7.63 (dd, IH), 7.43 (m, IH), 7.02 (dd, 2H), 
6.49 (d, IH), 4.95 (m, IH), 3.1 (m, IH), 2.78 (m, 2H), 
2.1 (m. 2H), 1.4 (m, IH), 1.1 (m. IH), 1.05 (d, 3H). 
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JDa. 




Data 


10] 


2-Chloro-phenyl 


Mass spectrum: Obs. m/z 346.1325; Calc. m/z 
346.1322; 'H NMR (CDCI3) for free base: 8.46 (bs, 1 H), 
7.9 (d, IH), 7.66 (m, 2H), 7.41 (m, 3H), 6.46 (d, IH), 
4.93 (m, IH), 3.15 (m, IH), 2.77 (m, 2H), 2.1 (m, 2H), 
1.44 (m, IH), 1.35 (bs, IH), 1.15 (m, IH), 1.1 (d, 3H). 




2-CnJoro-o-fluoro- 


Mass spectrum: Obs. m/z 364.1233; Calc. m/z 




phenyl 


364.1228; 'H NMR (CDCI3) for free base: 10.05 (bs, 
IH), 7.98 (d, IH), 7.61 (dd, IH), 7.38 (m, IH), 7.25 (d, 
IH), 7.08 (dd, IH), 6.45 (d, IH), 4.98 (m, IH), 3.02 (m, 
IH), 2.78 (m, 2H), 2.15 (m, IH). 2.05 (m, IH), 1.32 (m, 
IH), 0.98 (d, 3H), 0.95 (bs, IH). 




Using a method similar to example 89, using the compounds of examples -94 - 


102, prepare, isolate, and convert the analogous compounds into their dihydrogen chloride 
salts as indicated below: 


i 




formaldehyde 
AcOH 


Ex. 


At 


Data 


103 


2,4,6-Trichlroro- 


Mass spectrum: Obs. m/z 428.0693; Calc. m/z 




phenyl 


428.0699; 'H NMR (CDCI3) for free base: 7.88 (bs, 
IH), 7.86 (d, IH), 7.66 (dd, IH), 7.41 (s, 2H), 6.53 (d, 
IH), 4.83 (m, IH), 2.92 (m, IH), 2.30 (s. 3H), 2.16 (m, 
IH), 2.05 (m. 3H), 1.75 (m, IH), 1.50 (q, IH), 1.13 (d. 
3H). 


104 


2,6-Dichloro-pheny] 


Mass spectrum: Obs. m/z 394.1 102; Calc. m/z 
394.1089; 'HNMR (CDCI3) for free base: 7.89 (d, 
IH), 7.82 (bs, IH), 7.66 (dd, IH), 7.37 (m, 3H), 6.53 
(d, IH), 4.85 (m, IH), 2.93 (m, IH), 2.26 (s, 3H), 2.20 
(m, IH). 2.09 (m, 3H), 1.75 (m, IH), 1.48 (q, IH), 1.14 
(d, 3H). 
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Ex. 


Ar 


1 Data ■ 1 


105 


2-Bromo-phenyl 


Mass spectrum: Obs. m/z 404.0959; Calc. m/z 
404.0974; 'H NMR (CDCI3) for free base: 8.03 (bs, 
IH), 7.86 (d, IH), 7.66 (m, 3H). 7.43 (m, IH), 7.35 (m, 
IH), 6.50 (d, IH), 4.85 (m, IH), 2.92 (m, IH), 2.27 (s, 
3H), 2.18 (m, IH), 2.06 (m. 3H), 1.74 (m, IH), 1 .44 (q, 
IH), 1.17(d,3H). 


106 


2,4,6-Trifluoro- 
phenyl 


Mass spectrum: Obs. m/z 380.1582; Calc. m/z 
380.1586; 'H NMR (CDCI3) for free base: 7.98 (bs, 
IH), 7.83 (d. IH), 7.61 (dd, IH), 6.78 (dd, 2H), 6.50 (d. 
IH), 4.88 (m, IH). 2.91 (m, IH), 2.30 (s, 3H). 2.19 (m. 
IH), 2.04 (m, 3H), 1.72 (m. IH), 1.43 (q, IH), 1.15 (d, 
3H). 


107 


4-fluoro-phenyl 


Mass spectrum: Obs. m/z 344.1777; Calc. m/z 
344.1774; 'H NMR (CDCI3) for free base: 8. 1 5 (bs, 
IH), 7.92 (dd. 2H), 7.86 (d, IH). 7.63 (dd, IH), 7.19 
(dd, 2H), 6.46 (d, IH), 4.88 (m, IH), 2.94 (m, IH), 
2.31 (s, 3H), 2.21 (m, IH), 2.07 (m, 3H), 1.78 (m, IH). 
1.46 (q, IH), 1.14 (d, 3H). 


108 


2,4-Difluoro-phenyl 


Mass spectrum: Obs. m/z 362.1686; Calc. m/z 
362.1680; 'H NMR (CDCI3) for free base: 8.70 (bd, 
IH), 8.19 (m, IH), 7.85 (d, IH), 7.62 (dd. IH), 7.05 
(m, IH), 6.92 (m, IH), 6.50 (d, IH), 4.89 (m, IH), 2.94 
(m, IH), 2.31 (s. 3H), 2.22 (m, IH), 2.12 (m, 3H), 1.77 
(m, IH), 1.45 (q, IH), 1.16 (d, 3H). 


109 


2,6-Difluoro-phenyl 


Mass spectrum: Obs. m/z 362.1683; Calc. m/z 
362.1680; 'H NMR (CDCI3) for free base: 7.99 (bs, 
IH), 7.86 (d. IH), 7.63 (dd, IH), 7.43 (m, IH), 7.02 
(dd, 2H), 6.50 (d, IH), 4.85 (m, IH), 2.93 (m, IH), 
2.29 (s. 3H). 2.20 (m, IH), 2.07 (m, 3H). 1.76 (m, IH), 
1.42 (q, lH).1.15(d,3H). 



I 
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Ex. 


Ar Data 


no 


2-CJiJoro-phenyl 


Mass spectrum: Obs. m/z 360.] 478; Calc. m/z 
360.1479; NMR (CDCI3) for free base: 8.1 8 (bs, 
IH), 7.85 (d, IH), 7.73 (d, IH), 7.62 (dd, IH), 7.41 (m, 
3H), 6.49 (d, IH), 4.84 (m, IH), 2.92 (m, IH), 2.33 (s, 
3H), 2.18 (m, IH), 2.04 fm 3H^ 1 74 fm im 1 49 
IH), 1.15(d, 3H). 


in 

1 


2-Ch]oro-6-fluoro- 
pheny] 


Mass spectrum: Obs. m/z 378,1385; Calc. m/z 
378.1385; 'H NMR (CDCh) for free base: 7.94 (bs, 
IH), 7.88 (d. IH), 7.63 (dd, IH), 7.37 (m. IH), 7.28 
(m, IH), 7.09 (dd, IH), 6.50 (d, IH), 4.84 (m. IH). 
2.92 (m, IH), 2.28 (s, 3H)..2.20 (m. IH). 2.07 (m, 3H), 
1.73 (m, IH), 1.43 (q, IH), 1.13 (d, 3H). 



10 



Preparation 105. 4-[6-(2-Chloro-6-fluoro-benzoylamino)-pyridin-2-yloxy]-2-cw-methy]- 
piperidine-l-carboxylic acid rer/-butyl ester isomer 2 




Combine 4-(6-amino-pyridin-2-y]oxy)-2-methyl-piperidine-]-carboxylic acid tert- 
butyl ester cis isomer 2 (preparation 64, 0.35 g, 1.14 mmol), 1.4-dioxane (10 mL), triethyl 
amine (0.5 mL, 6.8 mmol) and 2-chloro-6-fluorobenzoyl chloride (0.35 g, 1 .81 mmol), 
stir and heat at 80°C. After 2 hr., cool to ambient temperature, partition between water 
(50 mL) and 4:1 hexane:ethy] acetate (100 mL). Separate aqueous layer and wash with 
4:1 hexane:ethyl acetate (50 mL). Combine organic layers, dry over sodium sulfate, filter 
and concentrate to obtain the title compound(0.53 g, 100%). Mass spectrum 
(electrospray): m/z=462.0 (M-1), 



15 



123 



wo 2004/094380 



PCT/US2004/009283 



Example 112. 2-Chloro-6-fluoro-N-[6-(2-me%l.piperidin-4-y]oxy>pyrid 
benzamide cis isomer 2 




rrxm;.^— Yrxror 

o ' 

Using a method similar to example 92, using 4-[6-(2-Chloro-6-fluoro- 
ben2oy]amino)-pyridin-2-yloxy].2-methy]-piperidine-l-carboxylic acid tert-buty] ester, 
preparation 105, the title compound was prepared then used as is in the next step: Mass 
spectrum (electrospray): ni/z=364.1 (M+1). 

Example 113. 2 -Chloro-N-[6-(1.2-dimethyl-piperidin-4-yloxy)-pyridin-2-yl]-6-fluoro- 
benzamide cis isomer 2 dihydrogen chloride salt 

formaldehyde 
acetic acid 
sodium borohydride 
triacetate 




a 



HCI 




HCI 

Using a method similar to example 89, using 2-Chloro-6-fluoro-N-[6-(2-methyl- 
piperidin-4-yloxy)-pyridin-2-yl]-ben2amide cis isomer 2 (example 1 12). the title 
compound was prepared, isolated and converted into the dihydrogen chloride salt. Mass 
spectrum: Obs. m/z 378.1376; Calc. m/z 378.1385; 'H NMR (CDCI3) for free base: 7.9 
(bs, IH). 7.85 (d, IH), 7.63 (dd. IH), 7.37 (m, IH), 7.26 (d, IH), 7.09 (dd. IH), 6.48 (d. 
IH), 4.84 (m. IH), 2.92 (m. IH). 2.28 (s. 3H). 2.16 (m. IH), 2.05 (m, 3H). 1.78 (m, IH), 
1.44 (q,lH). 1.15 (d.3H). 

Example 114. 2,6-Dichloro-4-fluoro-N.[6-(l -methyl-piperidin-4-yloxy>pyridin-2.yl]. 
benzamide dihydrogen chloride salt 

Fv^.^ ^Cl 

2HCI ^ 

Combine 6-(]-methyl-piperidin-4-y]oxy)-pyridin-2-ylamine (preparation 60, 
0.15 g, 0.72 mmol), 1,4-dioxane (5 mL) and 2,6-dichloro-4-fluoro-benzoyl chloride (0.18 
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g, 0.79 mmol), stir and heat at reflux. After 3 hr., cool to ambient temperature, load on an 
sex column (10 g). Wash with methanol (2x50 mL), elute with 2M NHa/methanol 
(2x50 mL). Concentrate eluent to give crude product. Purify the residue by silica gel 
flash chromatography eluting with 5% (2M ammonia/methanol)/ dichloromethane to 
obtain 0.12 g (42%) of the title compound as a fi-ee base. Dissolve in diethyl ether and 
treat with IM hydrogen chloride in diethyl ether. Concentrate and vacuum dry to obtain 
the title compound. Mp=264; Mass spectrum: Obs. m/z 398.0834; Calc. m/z 398.0838; 
'HNMR (CDCI3) for free base: 7.81 (d, IH), 7.73 (bs, IH), 7.59 (dd, IH), 7.1 0 (d, 2H), " 
6.48 (d, IH), 4.90 (m, IH). 2.63 (m, 2H), 2.25 (m, 2H). 2.23 (s. 3H). 1.95 (m, 2H),' 1.80 
(m,2H). 



Preparation 106. N-[6-( 1 -Benzyl-3-<ran5-methyl-piperidin-4-yloxy)-pyridin-2-yI]-2- 
chloro-4-fluoro-benzamide 




and HCI 

Using a method similar to 54, using 6-(l -benzyl-3-methyl-piperidin-4-yloxy)- 
pyridin:2'-ylamine (Preparation 44) and using lithium aluminum hydride instead of 
sodium borohydride, the title racemic mixture is prepared, isolated and converted to the 
monohydrogen chloride salt. Mp= 170°^ Mass spectrum: Obs. m/z 454.1719; Calc. m/z 
454.1697; 'H NMR (CDCI3) for free base: 8.19 (bs, IH), 7.83 (d, IH), 7.77 (dd, IH), 7.62 
(dd. IH), 7.35 (m, 6H), 7.12 (m, IH), 6.51 (d, IH). 4.54 (m. IH), 3.53 (s, 2H). 2.88 (m, 
2H), 2.13 (m. 2H), 2.0 (m, IH), 1.85 (m, IH), 1.66 (m, IH), 0.93 (d, 3H). 

Example 115. 2-Chloro-4-fluoro-N-[6-(3-methyl-piperidin-4-yloxy)-pyridin-2-yl]- 
benzamide 
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Using a method similar to example 62,using N-[6-(l -Benzyl-3-methyl-piperidin-4- 
y]oxy)-pyridin-2-yl]-2-chloro-4-fluoro-benzamide (preparation 106), the title compound 
was prqjared and used in crude form in the next reaction. Mass spectrum (electrospray): 
m/r=364.1 (M+1). 

Example 11$. 2-Chloro-N-[6-(l,3-dimethyl-piperidin-4-yloxy)-pyridin-2-yl]-4-fluoro- 
benzamide 




Using a method similar to example 89, using 2-Chloro-4-fluoro-N-[6-(3-methyl- 
piperidin-4-yloxy)-pyridin-2-yl]-benzamide (example 1 15), prepare, isolate and convert 
the title compound into the monohydrogen chloride salt. Mp=155-] 60*'C; Mass spectrum: 
Obs. m/z 378.1394; Calc. m/z 378.1385; 'H NMR (CDCI3) for free base: 8.20 (bs, IH), 
7.83 (d, IH), 7.77 (dd, IH), 7.63 (dd. IH), 7.23 (m, IH), 7.1 1 (m, IH), 6.52 (d. IH). 4.53 
(m, IH), 2.88 (m, 2H). 2.30 (s. 3H). 2.12 (m. 3H). 1.87 (m. IH), 1.75 (m, IH), 0.96 (d, 
3H). 

Preparation 107. N-[6-(l-Benzyl-3-methyl-piperidin-4-yloxy)-pyridin-2-yl]-2-chloro-4- 
fluoro-benzamide cis isomer 1 




Using a method similar to example 114 and 6-(l-ben2yl-3-methyl-piperidin-4- 
yloxy)-pyridin-2-ylamine cis isomer 1 (preparation 41), prepare and isolate the title 
compound (89%). Mass spectrum (electrospray): m/z=454.2 (M+1); 8.20 (bs, IH), 7.81 
(d, IH), 7.72 (dd, IH), 7.62 (dd, IH), 7.25 (m, 6H), 7.08 (m, IH), 6.55 (d, IH), 5.05 (m, 
IH). 3.55 (d, 2H), 2.55 (m, 2H). 2.37 (m, 2H), 2.07 (m. 2H), 1.79 (m, IH), 0.96 (d. 3H). 
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Preparation 108, N-[6-(l -Benzyl-3-methyI-piperidin-4-yloxy)-pyridin-2-yl]-2-chloro-4- 
fluoro-benzamide cis isomer 2 



Using a method similar to example 1 14 and 6-(l-benzyl-3-methyl-piperidin-4. 
yloxy)-pyridin-2-ylamine cis isomer 2 (preparation 41), prepare and isolate the title 
compound (98%). Mass spectrum (electrospray): m/2=454.2 (M+1); 8.20 (bs, IH), 7.81 
(d, IH), 7.72 (dd, IH), 7.62 (dd, IH), 7.25 (m, 6H), 7.08 (m, IH), 6.55 (d, IH), 5.05 (m, 
IH), 3.55 (d, 2H), 2.55 (m, 2H), 2.37 (m, 2H), 2.07 (m, 2H), 1.79 (m, IH), 0.96 (d, 3H). 

Example 117. 2~ChIoro-4-fluoro-N-[6-(3--methyl-piperidin-4-yloxy)-pyridin-2-yI]- 
benzamide cis isomer 1 



Using a method similar to example 62, using N-[6-(l -Benzyl-3-methyl-piperidin- 
4-y]oxy)-pyridin-2-yl].2-ch]oro-4-fluoro-benzamide cis isomer 1 (preparation 107), 
prepare the title compound and use it in crude form in the next reaction. 

Example 118. 2-Ch]oro-4-fluoro-N-[6-(3-methyl-piperidin-4-yloxy)"pyridin-2-yl]- 
benzamide cis isomer 2 



Using a method similar to example 62, using N-[6-(l -BenzylO-methyl-piperidin- 
4-yloxy)-pyridin-2-yl]-2-chloro-4-fluoro-benzamide cis isomer 2 (preparation 108), 
prepare the title compound and use it in crude form in the next reaction 



F. 




CI 
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Example 119. 2.ChIoro-N.[6-(l ,3.dimethyl-piperidin.4.y]oxy>pyridm-2-yl]-4.flijoro^ 
benzamide cis isomer 1 dihydrogen chloride salt 



2HCI ^ 



Using the method of example 89, using 2-Chloro-4-fluoro-N-[6-(3-methy]- 
piperidin-4-yloxy)-pyridin-2-y]]-ben2amide cis isomer 2 (example 1 1 8). prepare, isolate 
and convert the title compound into the dihydrogen chloride salt (70%). Mp=238°C; 
Mass spectrum: Obs. m/z 378.1387; Calc. m/z 378.1385; 'h NMR (CDCI3) for free base: 
8.20 (bs, IH), 7.82 (d, IH). 7.75 (dd, IH). 7.62 (dd. IH), 7.21 (d, IH). 7.08 (dd, IH), 6.55 
(d, IH), 5.07 (m. IH). 2.50 (m, 2H), 2.3 (s, 3H), 2.25 (m. 2H), 2.04 (m. 2H), 1 .78 (m. 
IH), 0.95 (d. 3H). 



Example 120. 2-Ch]oro-N-[6-(l,3-dimethy]-piperidin-4-yloxy)-pyridin.2-y]]-4-fluoro- 
benzamide cis isomer 2 dihydrogen chloride salt 

H 




2HCI 

Using the method of example 89, and using 2-Chloro-4-fluoro-N-[6-(3-methy]- 
piperidin-4-y]oxy)-pyridin.2-yl]-benzamide cis isomer 2 (example 118), prepare, isolate 
and convert the title compound into the dihydrogen chloride salt (73%). Mp=238°C; 
Mass spectrum: Obs. m/z 378.1387; Calc. m/z 378.1385; 'H NMR (CDCI3) for free base: 
8.20 (bs, IH). 7.82 (d, IH), 7.75 (dd, IH). 7.62 (dd, IH), 7.21 (d, IH), 7.08 (dd, IH), 6.55 
(d, IH). 5.07 (m, IH), 2.50 (m, 2H), 2.3 (s, 3H), 2.25 (m, 2H), 2.04 (m, 2H), 1 .78 (m', 
IH), 0.95 (d, 3H). 
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CI 



Preparation 109. 4-[6-(2-Ch]oro-4-fluoro-ben2oylamino)-pyridin-2-y]oxy]- cw-2-niethyI. 
piperidine-l-carboxylic acid /er/-butyl ester isomer 2 

Combine 4-(6-amino-pyridin-2-y]oxy)-cw-2-methyl-piperidine-] -carboxylic acid 
fert-butyl ester isomer 2 (preparation 64, 0.714 g) and 2-chIoro-4-fluorobenzoyl chloride 
(0.493 g) in 1,4-dioxane (20 mL) and heat. After 2.5 hr., partition between ethyl acetate 
and saturated aqueous NaCl, dry over anhydrous sodium sulfate, evaporate and purify on 
a silica gel column eluting with dich]oromethane-2M NH3 in methanol, gradient to give 
the title compound (0.678 g). Mass spectrum (electric spray) m/z = 464 (M+l ); 'h NMR 
(CDCI3): 8.45 (br, IH), 7.89(br d, IH), 7.78 (dd, IH), 7.68 (ddd. IH), 7.24 (dd, IH), 7.12 
(ddd, IH), 6.54 (d, IH), 5.27 (m, IH), 4.35 (m, IH). 3.90 (m, IH). 3.25 (m, IH). 1.90 (m, 
3H), 1.75 (m, IH). 1.47 (s, 9H), 1.28 (d, 3H). 

Example 12h 2-Chloro-4-fluoro-N-[6-(cij-2-methyl-piperidin-4-yloxy)-pyridin-2-y]]- 
benzamide isomer 2 



F 




H 



CI 



XJXX 



Add 1 mL of cone, hydrochloric acid into a solution of 4-[6-(2-chloro-4-fluoro- 
benzoylamino)-pyridin-2-yloxy]- cis-2-methyl-piperidine-l -carboxylic acid tert-hutyl 
ester isomer 2 (preparation 1 09, 0.678 g) in ] ,4-dioxane 20 mL and heat at 1 00°C. After 
40 min., partition between ethyl acetate and saturated aqueous NaCl, dry over anhydrous 
sodium sulfate, evaporate and purify on a silica gel column eluting with dichloromethane- 
2M NH3 in methanol, gradient to give the title compound (0.53 g). Mass spectrum 
(electric spray) m/z = 364 (M+l); 'h NMR (CDCh): 8.53 (br s, IH), 7.84 (br d, IH), 7.73 
(dd, IH), 7.63 (dd. IH), 7.21 (dd, IH), 7.10 (ddd, IH), 6.49 (dd, IH). 4.93 (m, IH), 3.14 
(m. IH). 2.78 (m, 2H), 2.12 (m, 2H), 1.75 (br, IH), 1.48 (m, IH), 1.19 (m, IH), 1.12 (d. 
3H). 
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Dissolve the benzamide (0.140 g) in dichloromethane-methanol and add 0.38 mL 
of IN HCl iji ether, evaporate and dry in vacuum to give the hydrogen chloride salt. 

Using a method similar to example 121, using the appropriate 4-[6-(Ar- 
acylaraino)-pyridin-2-yloxy]- cis-2-methyl-piperidine-l-carboxylic acid tert-hutyl ester 
isomer 2, prepare the analogous compounds and their mono-hydrochlorides as indicated 
below: 




Ex. 


Ar 


Data free base 


122 


2"Bromophenyl 


mass spectrum (electric spray) m/z = 390 (M+1), 392 
(M+2+1); *HNMR (CDClaXfree base): 7.91 (brd, IH), 7.60 
(m, 2H), 7.50 (dd, IH), 7.38 (ddd, IH), 7.30 (ddd, IH), 6.44 
(dd, IH), 4.95 (m, IH), 3.03 (m, ]H), 2,73 (m, 2HX 2.06 (m, 
^ti), i.iz (m, iti), U.ys (m, IH), 0.97 (d, J= 6.7 Hz, 3H). 


123 


2-chlorophenyl 


mass spectrum (electric spray) m/z = 346 (M+1); 'H NMR 
(CDClsXiree base): 9.25 (br, IH), 7.88 (br d, IH), 7.61 (m, 
2H), 7.40 (m, 3H), 6.46 (d, IH), 4.92 (m, IH), 3.08 (m, IH), 
2.73 (m, 2H), 2.08 (m, 2H), 1.50 (br, IH). 1.40 (m, IH), 1.08 
(m, IH), 1.03 (d, J= 6.3 Hz, 3H). 


124 


4-fluorophei)yl 


mass spectrum (electric spray) m/z = 330 (M+1); 'h NMR 
(CDC]3)(free base): 8.17 (br. IH), 7.93 (m, 2H), 7.86 (d, IH), 
7.63 (t, IH), 7.19 (m. 2H), 6.48 (d, IH), 4.95 (m, IH), 3.18 
(m, IH). 2.79 (m, 2H), 2.12 (m, 2H), 1.49 (m ,1H), 1.45 (br, 
IH), 1.21 (m, IH), 1.14 (d, J= 6.4 Hz, 3H). 


125 


2,4-difluoro- 
pheny] 


mass spectrum (electric spray) m/z = 348 (M+1); 'H NMR 
(CDC]3)(free base): 8.69 (br d, IH), 8,18 (m, IH), 7.86 (d, 
IH), 7.62 (t. IH), 7.05 (m, IH). 6.95 (m . IH), 6.49 (d, IH), 
4.97 (m. IH), 3.17 (m, IH), 2.77 (m, 2H), 2.13 (m, 2H). 1.49 
(m, IH), 1.40 (br. IH). 1.21 (m, IH), 1.14 (d, J= 6.4 Hz, 3H). 
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Ex. 


Ar 


Data free base 


126 


2,6-difluoro- 
phenyl 


mass spectrum (electric spray) m/z = 348 (M+1); NMR 
(CDCIsXfree base): 8.98 (br s, IH), 7.90 (d, IH). 7.62 (t, IH), 
7.43 (m, IH), 7.01 (m , 2H), 6.48 (d, IH), 4.95 (m, IH), 3.1 ] 
(m, IH), 2.76 (m, 2H), 2.11 (m, 2H), 1.41 fm IH) 1 30 (hr 
1 H), 1 . 11 (m, IH), 1 .06 (d. J= 6.4 Hz, 3H). 


127 


2,4,6-trifluoro- 
phenyl 


mass spectrum (electric spray) m/z = 366 (M+1); 'h NMR 
(CDCl3)(free base): 9.22 (br s, IH), 7.87 (d, IH), 7.62 (t, IH), 
6.79 (m, 2H), 6.48 (d, IH), 4.95 (m, IH), 3.10 (m, IH), 2.78 
(m, 2H), 2.11 (m, 2H), 1 .40 (m IH) 1 10 fm im 1 OS rri 
J= 6.4 Hz, 3H). 


128 


2,6-dichloro- 
phenyl 


mass spectrum (electnc spray) m/z = 380 (M+1); 'H NMR 
(CDa3)(fiTeebase): 8.00 (d, IH), 7.61 (t, IH), 7.33 (m, 3H), 
6.44 (d, IH), 4.99 (m, IH), 3.03 (m, IH), 2.79 (m, 2H), 2.14 
(m, IH), 2.02 (m, IH), 1 .28 (m. IH) 0 94 f d J= 6 4 
0.90 (m, IH). 


129 


2,4,6- 

trichloropheny] 


mass spectrum (electric spray) m/z = 414 (M*), 41 6 (M+2); 
'H NMR (CX>C]3)(free base): 7.94 (d, IH), 7.63 (t, IH), 7^40 
(s, 2H). 6.49 (d, IH), 4.97 (m, IH), 3.09 (m, IH), 2.79 (m, 
2H), 2.15 (m, IH), 2.07 (m, IH), 1.40 (m, IH), 1.25 (m, IH), 
1.03 (d, J= 6.4 Hz, 3H). 


130 


2-chloro-6- 
fluorophenyl 


mass spectrum (electric spray) m/z = 364 (M+1); 'H NMR 
(CDCl3)(freebase): 7.93 (d, IH), 7.63 (t, IH), 7.37 (m, IH), 
7.27 (m, IH), 7.10 (m, IH), 6.48 (d, IH). 4.96 (m, IH), 3.08 
(m, IH), 2.77 (m, 2H), 2.13 (m, IH), 2.05 (m, IH), 1.38 (m, 
IH), 1.05 (m, IH), 1.03 (d, J= 6.4 Hz, 3H). 
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Example 131. 2-Chloro-N-[6.(l ,cfe-2-dimethyl-piperidin-4-yloxy>pyridin-2-yl]-4- 
fluoro-benzamide isomer 2 

Combine 2-chloro-4-fluoro-N-[6-(m-2-methyl-piperidin-4-yloxy)-pyridin-2-y]]- 
benzamide isomer 2 (example 121, 0.150 g), formaldehyde (37%, 0.3 mL). sodium 
triacetoxyborohydride (0.1 14 g) and acetic acid (0.062 g) with dichloromethane (10 mL) 
and stir overnight. Dilute with methanol (5 mL) and load on a SCX column (1 0 g), wash 
with methanol, elute the product with 2M NHj-methanol, evaporate to give the title 
compound (0.156 g, 100%). Mass spectrum (electric spray) m/z = 378 (M+1); 'H NMR 
(CDCh): 8.20 (br s, IH), 7.84 (br d, IH), 7.77 (dd, IH), 7.63 (t. IH), 7.22 (dd, IH). 7.1 1 
(ddd, IH). 6.50 (d, IH), 4.86 (m, IH), 2.96 (m, IH), 2.31 (s, 3H), 2.23 (m. IH), 2.10 (m, 
3H), 1.79 (br, IH), 1.51 (q, IH), 1.15 (d, J= 6.1 Hz, 3H). 

Dissolve the benzamide (0.156 g) in dichloromethane-methanol arid add 0.41 mL 
of IN HCl in ether, evaporate and dry in vacuum to give the hydrogen chloride salt. 

Using a method similar to example 131, using the appropriate Ar-N-[6-(l,cw-2- 
dimethy]-piperidin-4-y]oxy)-pyridin-2-yl3amide isomer 2, prepare the analogous 
compounds and their mono-hydrochlorides as indicated below 

"rxx'xx 



Ex. 


Ax 


Data free base 


132 


2-Bromophenyl 


mass spectrum (electric spray) m/z = 404 (M+1), 406 
(M+2+1); "HNMR (CDCl3)(lreebase): 8.01 (br s, IH), 7.86 
(br d, IH), 7.63 (m, 3H), 7.43 (m. IH), 7.35 (m, IH), 6.50 (d, 
IH), 4.85 (m, IH), 2.92 (m, IH). 2.28 (s, 3H), 2.18 (m, IH). 
2.08 (m, 3H), 1.74 (m, IH), 1.45 (m. IH), 1.13 (d. J= 5.9 Hz, 
3H). 
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Ar 


Data free base 


133 


2-chloropheny] 


mass spectrum (electric spray) m/z = 360 (M+]); NMR 
(CDChXfreebase): 8.21 (br s, IH), 7.86 (br d, IH), 7.71 (dd, 
IH), 7.62 (t, IH), 7.42 (m, 3H), 6.48 (d, IH), 4.84 (m, IH), 
2.91 (m, IH), 2.27 (s, 3H), 2.17 (m, ]H), 2.06 (m, 3H), 1.73 
(m, IH), 1.44 (m, IH), 1.1 1 (d, J= 6.4 Hz, 3H). 


134 


4-fluorophenyl 


mass spectrum (electric spray) m/z = 344 (M+l); 'h NMR 
(CDCyCfreebase): 8.15 (br s, IH), 7.93 (m, 2H), 7.85 (d, 
IH), 7.63 (t, IH), 7.19 (m, 2H), 6.48 (d, IH), 4.88 (m, IH), 
2.94 (m, IH), 2.30 (s, 3H), 2.21 (m, IH), 2.07 (m, 3H), 1.75 
(m, IH), 1.47 (m, IH), 1.14 (d, J= 6.3 Hz, 3H). 


135 


2,4-difluoro- 
phenyl 


mass spectrum (electric spray) m/z = 362 (M+l); 'H NMR 
(CDCl3)(free base): 8.69 (br d, IH), 8.1 8 (m, IH), 7.86 (d, 
IH), 7.63 (t, IH), 7.05 (m, IH), 6.94 (m, IH), 6.49 (d, IH), 
4.91 (m. IH), 2.97 (m. IH), 2.32 (s. 3H), 2.26 (m, IH), 2.1 1 
(m, 3H), 1.78 (m, IH), 1.50 (m, IH), 1.16 (d, J= 5.9 Hz, 3H). 


136 


2,6-difluoro- 
pheny] 


mass spectrum (electnc spray) m7z = 362 (M+l); 'H NMR 
(CDC]3)(frec base): 7.80 (br s, IH), 7.86 (br d. IH). 7.62 (t, 
IH), 7.44 (m, IH), 7.01 (m, 2H), 6.50 (d, IH), 4.85 (m, IH), 
2.97 (m. IH), 2.28 (s, 3H), 2.19 (m, IH), 2.07 (m, 3H), 1.74 
(m, IH), 1.46 (m, IH), 1.13 (d, J= 6.4 Hz, 3H). 


i J / 


Zj^^o-inxiuoro- 
phenyl 


mass spectrum (electnc spray) m/z = 380 (M+l); *H NMR 
(CDCl3)(free base): 8.00 (br s, IH), 7.83 (br d, IH), 7.63 (t, 
IH), 6.79 (m, 2H). 6.51 (d, IH), 4.85 (m. IH), 2.94 (m, IH), 
2.29 (s, 3H). 2.21 (m, IH), 2.08 (m, 3H), 1.77 (m, IH), 1.49 
(m, IH), 1.14 (d, J= 6.4 Hz, 3H). (file: mn4-a01 245-1 63 
400). 


138 


2,6-dichloro- 
phenyl 


mass spectrum (electnc spray) m/z = 394 (M+l); 'H NMR 
(CDCl3)(lree base): 7.89 (d, IH), 7.79 (br s, IH), 7.64 (t, IH), 
7.49 (m, 3H). 6.51 (d, IH), 4.86 (m, IH), 2.93 (m, IH), 2.28 
(s, 3H), 2.19 (m, IH), 2.07 (m, 3H), 1.75 (m, IH), 1.46 (m, 
IH), 1.13(d,J=5.9Hz.3H). 
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Ex. 


Ar 


Data free base 


139 


2,4,6-trichloro- 
phenyl 


mass spectrum (electric spray) ra/z = 428 (M*), 41 6 (M+2); 
'H NMR (CDCl3)(ftee base): 7.86 (d, IH). 7.79 (br s, 1 H). 
7.64 (t, IH), 7.41 is, 2H). 6.52 (d, IH), 4.84 (m, IH), 2.92 
(m, IH). 2.28 (s. 3H), 2.18 (m, IH), 2.07 (m, 3H). 1 .75 (m. 
IH), 1.46 (m, IH), 1.13 (d, J= 6.4 Hz. 3H) 


140 


2-chloro-6- 
fluoropheny] 


mass spectrum (electric spray) m/z = 378 (M+l); 'h NMR 
(CDCl3)(free base): 7.99 (br s, IH), 7.86 (br d, IH), 7.62 (t, 
IH), 7.35 (m, IH), 7.25 (m, IH), 7.08 (m, IH), 6.49 (d, IH), 
4.83 (m, IH), 2.90 (m, IH), 2.25 (s, 3H), 2.16 (m, IH), 2.05 
(m, 3H). 1.72 (m, IH), 1.46 (m, IH), 1.10 (d, J= 5.9 Hz, 3H). 



Scai2EieJ4L2-Ch]oro-4-fluoro-N-[6-(..«„.^^ 
benzamide isomer 2 hydrogen chloride salt 

I n 




xrxx 

HCI 



Using a method similar to example 92, using 4-[6-(2-ch]oro-4-fluoro- 
benzoy]amino)-pyridin-2-yloxy]-2-methyl-piperidine-l-carboxy]ic acid tert-hntyl ester 
trans isomer 2, the title compound is obtained. Mass spectrum (electric spray) m/z = 364 
(M+l); 'H NMR (CDCl3)(free base): 8.30 (br s, IH), 7.84 (br d, IH), 7.74 (dd. IH) 7 64 
(dd, IH), 7.20 (dd, IH), 7.09 (ddd, IH), 6.53 (dd, IH). 5.25 (m, IH), 3.08 (m, 2H), 2.90 
(m, IH), 1.93 (m, 3H), 1 .69 (m, IH), 1.36 (m. IH), 1.05 (d, J= 6.2 Hz, 3H). 

B«!mElM42.2-Chloro-4-fluoro-N-[6-(l-..a„,.2-^^^^ 
y]]benzamide isomer 2 hydrogen chloride salt 




HCi 
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Using a method similar to example 89. using 2-Chloro-4-fluoro-N-[6-(^m«.s-2 
methyl-piperidin-4-yloxy)-pyridin-2-yl]benzamide isomer 2, the title compound is 
obtamed. Mass spectrum (electric spray) m/z = 378 (M+l); 'H NMR (CDC]3Xfree base)- 
8.21 (br s, IH). 7.85 (br d. IH). 7.76 (dd, IH). 7.65 (t. IH), 7.21 (dd, IH). 7.10 (ddd IH) 
6.53 (dd. IH), 5.19 (m. IH). 2.65 (m, IH). 2.43 (m, 2H). 2.29 (s. 3H), 1.88 (m, 3H).'l 56 
(m,lH).1.05(d,J=6.5H2.3H). k , j, . o 

E2Mlem2-Chloro-N-[6-(l-/>.nn..2.dimethy]-piperidin^ 
fluoro-benzamide isomer 1 hydrogen chloride salt 




HCI 



Using a method similar to example 89, using 2-chloro-4-fluoro-N-[6-(rm;«-2- 
methyl-piperidin-4-y]oxy)-pyridin-2-y]]benzamide isomer 1. the title compound is 
obtamed. Mass spectrum (clectnc spray) m/z = 378 (M+1); 'h NMR (CDCl3)(free base)- 
7.97 (br s. IH). 7.89 (d. IH). 7.65 (t, IH). 7.36 (ddd, IH), 7.26 (d, IH), 7.09 (ddd, IH) ' 
6.53 (dd, IH), 5.17 (m. IH), 2.75.(m, IH), 2.57 (m. 2H), 2.37 (s, 3H), 1.95 (m, 3H). 1.66 
(m, 1 H). 1 . 1 3 (d, J= 6.4 Hz, 3H). 

&imlU44.N-[6-(l-ci.-2-Dimethyl-piperidin-4-yl^^ 
butyramide isomer 2 hydrogen chloride salt 

Combine 3-methyI-butyry] chloride (92 mg). 4-(6-amino-pyridin-2-y]oxy)-m-2- 
methyl-piperidine-l-carboxylic acid /.r/-buty] ester isomer 2 (preparation 64, 0.196 g) 
and triethylamine (0.18 mL) and heat at reflux. After 1 hr.. add 0.6 mL of cone HCI and 
heat at reflux. After 30 min.. load the reaction mixture onto a SCX column, wash with 
methanol, then 2M NH3 in methanol. Evaporate the ammonium methanol solution to give 
a sohd (77 mg). By the method of example 121 and 131 prepare the title compound and 
Its mono-hydrogen chloride salt. Mass spectrum (electric spray) m/z = 306 (M+1)- 'h 
NMR (CDCWee base): 7.71 (d. IH). 7.57 (br d, IH). 7.54 (t. IH), 6.41 (d. IH) 4 82 
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(m. IH). 2.92 (m, IH). 2.27 (s. 3H). 2.21 (m. 3H). 2.04 (m. 3H), 1.72 (m, IH). 1.44 (m 
IH), 1.12 (d. J= 5.9 Hz, 3H). 1.00 (d, J= 6.4 Hz, 6H). 



Racemic N-[6-(l-benzy]-3-/ra«.-methyl.piperidin-4-yloxy)-pyridi„-2- 
5 yl]-4-fluoro-benzamide 



10 



15 






HCI 

Combine racemic 6-(l-ben2y]-3-rr««^-methyl-piperidin-4-yloxy)-pyridin-2- 
ylamine (preparation 65, 0.232 g) and 4-fluoro-benzoyl chloride (0.136 g) in 1 4-dioxane 
(20 mL) and reflux. After 2 hr., add methanol into the reaction mixture and load onto a 
sex column (] 0 g) and wash the column with methanol. Elute the product witi, 2N NH3- 
methanol and evaporate to give the title compound (0.307 g). >H NMR (CDCl,)- 8 15 (br 
s. IH), 7.94(m, 2H), 7.84 (d, IH), 7.63 (t, IH), 7.33 (m, 4H), 7.27 (m, IH), 7.19 (m 2H) 
6.50 (d, IH), 4.56 (m, IH), 3.54 (s, 2H), 2.88 (m, 2H), 2.16 (m, 2H), 2.02 (m, IH), 1 87 ' 
(m, IH), 1.68 (m, IH), 0.93 (d, J= 6.8 Hz, 3H). 

Using a method similar to preparation 1 1 0 prepare the analogous compounds and 
their mono-hydrochlorides as indicated below: 



O 




and 



rxy- 

HCI 



HCI 




20 



Prep. 


At 


Data (free base) 


Ill 


2-chloro-4- 
fluorophaiy] 


Mass spectrum (electric spray) m/z = 454 (M+1); ^H NMR 
(CDCI3): 7.89 (br s, IH). 7.87 (d. IH), 7.64 (t, IH), 7.37 (m, 
IH), 7.32 (m, 4H). 7.26 (m, 2H), 7.10 (m, IH), 6.53 (d, IH). 
4.54 (m, IH), 3.52 (s, 2H), 2.86 (m, 2H), 2.13 (m, 2H), 1.99 
(m, IH), 1.83 (m. IH), 1.66 (m, IH). 0.91 (d, J= 6.4 Hz 3H) 
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Ex. 


""At ~ 


112 


2,4,6-trifluoro- 
phenyl 


113 


2-chloropheny] 



Data free base 
Mass spectrum (electric spray) m/z = 456 (M+l); 'h NMR~ 
(CDCI3): 7.99 (br s. IH). 7.83 (d. IH). 7.62 (t. IH), 7.32 (m 
4H), 7.26 (m, 2H). 6.78 (m, 2H), 6.53 (d, IH). 4.53 (m. IH) 
3.52 (S.2H). 2.86 (m.2H). 2.13 (m,2H). 1.99 (m. lH)'l.84' 
(m. lH),1.65(m. IH). 0.91 (d. J= 6.8 Hz, 3H). 



E«4i 2-CWoro-4-fluoro-N.[6-(3.^^^^^ 

benzamide isomer 1 J'/ hj- ujij ^ yjj 

a o 



5/95) 0.2%DMEA i„,o isomer , (329 „g) a.d 2 (343 „g). Con,bi„e N-tJ- 
ba„^l-3-,„^.„eftyl-piperidin-4-yl„xy>pJridin-2-yl^2H:Mo«M.fl„cm,*«^^ 

.somcr.and>-chlor„e,hylcWorofo™a.e(0.414g)i„,.2^cUoro«ha„.(2„„i),„a 
reflux. After , hr.. di.u.e ,he reaeUon wid, „efta«l and load o„,o a SCX 

col™„ (.0 g) and wash the column wrft n,eftanoI. B,u.e fte product wifl, 2N NH3- 

™«hanoI. evaporate and purify on a s^ca ge, column (35 g. solvent: dich.o,x»nethane.2M 

NH3 .n methanol, gradient) to give the title compound (0.208 g). Mass spectrum 

m rr/' 'HNMR (CDCI3): 7.95 (d. IH). 7.62 (t. IH). 7.36 (m 
H), 7.26 (d. ,H), 7.09 (ddd, IH). 6.48 (d. ,„). 4.74 (m. ,H). 2.94 (m. 2H). 2 75 (m Th, 
2^8 (m. IH), 2.14 (m, IH). 1.63 (m, ,H). 1.45 (hr. 2H). 1.29 (m. 1^ 0.9^ (d^-t; ^' 
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Dissolve the benzamide (0.1 18 g) in dichloromethane-methanol and add 0.32 mL 
of IN HCl in ether, evaporate and dry in vacuum to give the hydrochloric acid salt. 

Using a method similar to example 144, prepare the analogous compounds and 
5 flieir hydrogen chloride salts as indicated below: 



o 



xxx^ 



Ex. 


Ar 


(Free base) 


145 


2-chloro-4- 
fluorophenyl 
isomer 2 


mass spectrum (eJectrospray) m/z = 364 (M+1); 'H NMR 
(CDCI3): 7.94 (d, IH). 7.62 (t. IH), 7.37 (m, IH), 7.25 (d, 
IH), 7.09 (ddd, IH). 6.48 (d, ]H), 4.72 (m, IH), 2.95 (m, 
2H), 2.74 (m, IH), 2.46 (m, IH), 2.14 (m, IH), 1.63 (m. IH), 
1.37 (br, 2H), 1.29 (m, IH), 0.90 (d, J= 6.4 Hz, 3H). 


146 


4-fluoropheny] 
(racemic) 


mass spectrum (electrospray) m/z = 330 (M+1); 'H NMR 
(CDCla): 8.34 (br s, IH), 7.92 (m, 2H), 7.84 (d, IH), 7.62 (t, 
IH), 7.17 (m, 2H), 6.49 (d, IH), 4.66 (m, IH), 3.1 1 (m, 2H), 
2.73 (m, IH), 2.40 (m. IH), 2.14 (m, IH), 1.77 (m. IH), 1.68 
(br, IH), 1 .45 (m, IH), 0.93 (d, J= 6.4 Hz, 3H). 


147 


2,4,6- 

trifluorophenyl 
(racemic) 


mass spectrum (electric spray) m/z = 365 
(M+1); 'HNMR (CDCls-CDaOD): 7.73 (d. IH), 7.52 (t, IH), 
6.66 (m. 2H), 6.4] (d, IH), 4.58 (m, IH), 3.00 (m. 2H), 2.64 ' 
(m, IH), 2.32 (m, IH), 2.12 (m, IH), 1.77 (m. IH). 1.41 (m, 
IH), 0.84 (d, J= 6.4 Hz, 3H). 


148 


2-chJoropheny] 
(racemic) 


'h NMR (CDCI3): 7.79 (d, IH), 7.61 (m, 2H), 7.38 (m, 3H), 
6.48 (d, IH). 4.61 (m, IH), 4.00 (br s. 2H). 3.03 (m, 2H), 
2.63 (m, IH), 2.31 (m. IH), 2.14 (m, IH), 1 .77 (m. IH), 1.42 
(m, IH), 0.89 (d, J= 6.9 Hz, 3H). 
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&Mlem 2-Chloro-N-[6-(l .3-^a;«.dimethyl-piperidin.4-yloxy)-p>T.din-2-y]l 
fluoro-benzamide isomer 1 

a o 

Mix2-chloro.4-fluoro-N-t6-(3-..«„^-i„ethyl-piperidin-4-yloxy)^^^ 
benzamide iso„.er 1 (exanople 144, 90 mg), fomaaldehyde (37o/o, 74 mg), sodium 
tnacetoxyborohydride (68 n^g) and acetic acid (37 mg) with dichloromethane (10 mL) and 
st.r for 3 hr. Dilute with methax^ol and load on a SCX column (10 g). wash with 
methanol, elute the product with 2M NH, T«^fT,«r,«i 

„^ , ^ ^'""^^^"^-"^^^^^oJ. evaporate to give the title compound 

(94 mg). Mass spectrum (electrospray) m/z = 378 (M+1); 'h NMR (CDCls)- 7 89 (br s 
IH), 7.88 (d. IH), 7.64 (t, IH), 7.38 (m, IH). 7.26 (m, IH), 7.1 1 (m. IH). 6.53 (d, IH) ' 

4.52 (m, IH), 2.83 (m, 2H), 2.27 (s, 3H). 2.13 (m, 2H). 2.02 (m, IH), 1.81 (m. IH), l.;6 

(m,lH),0.93(d,J=6.6Hz,3H). 

Dissolve the benzamide (94 mg) in dichloromethane-methanol and add 0 25 mL of 

IN HCl m ether, evaporate and dry in vacuum to give the hydrogen chloride salt. 

Using a method similar to example 149, using the appix>priate N-[6-(3.rr««^. 

methyl-piperidin-4-yloxy>pyridin-2-vn-Ar-cflrhnvfln„-^» ;^ 

yj yy luin a yij Ar-carboxamide jsomer 1, prepare the analogous 

compounds and their mono-hydrochlorides as indicated below: 



Ar 



o 



'XfXx 



Ex. 


Ar 


Data 


150 


2-ch]oro-4- 
fluorophenyl 
isomer 2, 
HCl salt 


mass spectrum (electrospray) m/z = 378 (M+1); 'h NMR 
(CDCl3)(free base): 7.96 (br s, IH), 7.88 (d. IH), 7.64 (t. IH), 
7.38 (m, IH), 7.27 (m, IH), 7.10(m. IH). 6.53 (d, IH). 4.53 ' 
(m, IH). 2.89 (m. 2H). 2.33 (s. 3H). 2.17 (m, 2H), 2.07 (m. 
IH). 1.90 (m, IH). 1.76 (m. IH). 0.95 (d, J= 6.4 Hz, 3H). 
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Ex. 


Ar 


Data free base 


151 


4-fluorophenyl 
(racemic) (free 
base) 


mass spectrum (electrospray) mJz = 344 (M+1); 'H NMR 
(CDC13): 8.18 (br s, IH), 7.94 (m, 2H), 7.84 (d, IH), 7.62 (t, 
IH), 7.17 (m, IH), 6.50 (d, IH), 4.54 (m, IH), 2.84 (m, 2H), 
2.28 (s, 3H), 2.12 (m, 2H), 2.01 (m, IH), 1.82 (m, IH) 1 67 
(m, IH), 0.94 (d, J= 6.8 Hz, 3H). 


152 


2,4,6-trifluoro- 
pheny] 

(racemic) (free 
base) 


mass spectrum (electrospray) m/z = 380 (M+1); 'h NMR 
(CDCI3): 8.05 (br s, IH), 7.82 (d, IH), 7.62 (t, 1H),6.77 (m, 
2H), 6.52 (d, IH), 4.51 (m. IH), 2.84 (m. 2H), 2.27 (s, 3H), 
2.11 (m, 2H), 2.00 (m, IH), 1.80 (m, IH), 1.66 (m, IH), 0.92 
(d,J= 6.8 Hz, 3H). 


153 


2-chJorophenyl 
(racemic) (free 
base) 


mass spectrum (electrospray) m/z = 360 (M+1); 'H NMR 
(CDCI3): 8.19 (hr s, IH), 7.87 (d, IH), 7.72 (dd, IH), 7.64 (t, 
IH), 7.42 (m, 3H), 6.52 (d, IH), 4.54 (m, IH), 2.87 (m, 2H), 
2.31 (s, 3H). 2.16 (m, 2H), 2.05 (m, IH), 1.86 (m, IH), 1.71 
(m, IH), 0.95 (d, J= 6.8 Hz, 3H). 



Example 154. 2-Chloro.6-fluoro-N-[6-(l-methyl-piperidin-4-y]oxy)-pyridin-2-y]]- 
benzamide hydrogen chloride salt 





•CH, 



Combine 6-(l-methyl-piperidin-4-yloxy)-pyridin-2-yIamine (preparation 60, 200 
rag, 0.96 mmol), and dioxane (15 mL), stir and heat at 50 °C. Add 2-chIoro-6- 
fluorobenzoyl chloride (214 DL, 1.1 mmol), and heat at 85 »C for an additional 3 hr. 
Cool the reaction to room temperature, and load onto a 5 g SCX cartridge. Wash resin 
with Methanol, then remove product with 2 M NHs/methanoJ. Concentrate in vacuo, and 
silica gel chromatography eluting with 5-20% 2 M NH., in methanol/methylene 
dichloride. Dissolve the purified oil (286 mg, 81% isolated yield) in methanol, add 
NH4CI (42 mg, 1 eq) as a solid, and sonicate the solution at rooni temperature for 15 min. 
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Concentration in vacuo provides the title compound: mass spectrum (ion spray): m/z = 
364.1 (M+1); mp = 139.6 X. 

Example 155. N-[6-(l.Methyl.piperidin"4-yloxy)-pyridin-2-yl]-2-trifluoromethoxy- 
benzamide hydrogen chloride salt 

.OCF3 

La 




Using a method similar to example 154, using 2-trifluoromethoxybenzoyl 
chloride, gives the title compound as a white solid. Mass spectrum (ion spray): m/z = 
396.2 (M+1); mp = 88.7 °C. 

Example 1 56. 2 -Bromo-N-[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 
hydrogen chloride salt 

JC V ,0. "° 



Using a method similar to example 154, using 2-bromoben2oyl chloride, gives the 
title compound as a white solid. Mass spectrum (ion spray): m/z = 390.1 (M+l); mp = 

104.3 *C. 

Example 157 - 2,6-Difluoro-N-[6-(l-methyI-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 
hydrogen chloride salt 

HCI 

Using a method similar to wcample 154, using 2,6-difluorobenzoyl chloride, gives 
the title compound as a white solid. Mass spectrum (ion spray): m/z = 348.3 (M+1); mp = 

261.4 X. 
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Example 158. Ex. N-[6-(l-Methyl-piperidin-4-y]oxy)-pyridin-2-yl]-23,4-trifl^^ 
benzamide hydrogen chloride salt 




Using a method similar to Example 154, using 2,3,4-trifluoroben2oy] chloride, 
gives the title compound as a white solid. Mass spectrum (ion spray): m/z = 366.4 (M+1); 
mp = 182.4 °C (dec). 

Example 159. N-[6-(l -MethyI.piperidin-4-yloxy)-pyridin-2-yl]-3,4,5.Trifluoro- 
benzamide hydrogen chloride salt 

HCl 




Using a method similar to example 154, using 3,4,5-trifluorobenzoyI chloride, 
gives the title compound as a white solid: mass spectrum (ion spray). M/Z = 366.4 
(M+1); mp =171.4 "C (dec.). 

Example 160. 2-Chloro-4-fluoro-N-[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-y]]- 
boizamide hydrogen chloride salt 




Dissolve 6-(l-methyl-piperidin-4-yloxy)-pyridin-2-y]amine (preparation 60, 150 
mg, 0.724 mmol) in pyridine (20 mL). Add 2-chloro-4-fluorobenzoyl chloride (208 mg, 
] .08 mmol) and heat at 55 °C. After 4 hr.. cool to room temperature, concentrate and load 
residue onto a 5 g SCX cartridge. Wash resin with methanol, then remove product with 2 
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M NHs/methanol. Concentrate in vacuo, and silica gel chromatography eluting with 2- 
10% methanol/methylene dichloride to give the ftee base (280 mg, 97%). Dissolve the 
purified oil in methanol, add NH4CI (1 eq) as a solid, and sonicate the solution at room 
temperature for 15 min. Concentration in vacuo provides the title compound (280 mg, 
97%). Mass spectrum (ion spray): m/z 364.0 (M+1); Analysis calculated for 
C,8H,9N3O2Cl2F-0.5 H2O. Theory: C, 52.82, H, 5.17, N, 10.27. Found: C, 52.89, H, 
5.18, N, 10.37; mp= 135-1 37^. 

Example 161. 4-Fluoro-A/^[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 
hydrogen chloride salt 



Using a method similar to example 160, starting with 6-(l-methyl-piperidin-4- 
y]oxy)-pyridin-2-y]amine (preparation 60, 150 mg, 0.724 mmol) and 4-fluorDbenzoyl 
chloride (128 \xL, 1.08 mmol) yields the title compound (256 mg, 97%). Mass spectrum 
(ion spray): m/z 330.1 (M+1); Analysis calculated for CgHjiNaOjFCl-O.S H2O. Theory: 
C, 57.68, H, 5.92, N, 11.21. Found: C. 57.76, H, 6.17, N, 1 1.44; mp = 203-205»C. 

Example 162. 2,4-Difluoro-M[6-(l-methyl-piperidin-4-yloxy)-pyridin.2-yI]-benzamjde 
hydrogen chloride salt 



Using a method similar to example 160, using 6-(l-methyl-piperidin-4-yloxy> 
pyridin-2-ylamine (preparation 60, 150 mg, 0.724 mmol) and 2,4-difluorobenzoyl 
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Chloride (133 \xL, 1.08 mmol) yields the title compound (230 mg, 83%). Mass spectrum 
(ion spray): m/z 348.1 (M+1); Analysis calculated for CjgHsoNsOsCIFz O.S HjO. Theory: 
C, 55.03, H, 5.39, N, 10.70. Found: C, 54.88, H, 5.39, N, 10.73; mp = 269-271 °C. 



Example 163. JV-[6-(l-Methyl-piperidin-4-y]oxy)-pyridin-2-yl]-isonicotinamide hydrogen 
chloride salt 




Using a method similar to example 160 using 6-(l-methyl-piperidin-4-yloxy)- 
pyridin-2-ylamine (preparation 60. 150 mg, 0.724 mmol) and isonicotinoyl chloride 
hydrochloride (192 mg, 1 .08 nomol) yields the title compound (225 mg, 89%). Mass 
spectrum (ion spray): m/z 313.1 (M+1); Analysis calculated for Ci7H2]N4O2C10.2 HjO. 
Theory: C, 57.93. H, 6.12. N, 15.90. Found: C. 57.78, H, 6.28, N, 15.88; mp = 254- 
256°C. 



Example 164. 2-Chloro-iV-[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-yl]-ben2amide 
hydrogen chloride salt 




Using a method similar to example 1 54, using 6-(l -methyl-piperidin-4-yloxy)- 
pyridin-2-ylamine (preparation 60, 200 mg, 0.965 mmol) and 2-chloroben2oyl chloride 
(146 |iL, 1 . 1 6 mmol) yields the title compound (340 mg, 92%). Mass spectrum (ion 
spray): m/z 346.0 (M+1); Analysis calculated for C,8H2oN302Cl2 0.5 HjO. Theory: C, 
55.25, H, 5.67, N, 10.74. Found: C, 55.60. H, 5.67. N, 10.74; mp = 88-90''C. 
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Example 165. A^-[6-( 1 -Methy]-piperidin-4-yloxy)-pyridin-2-y]]-2,4.6-trifluoro-ben2amide 



Using a method similar to example 154, using 6-(l-methyl-piperidin-4-y]oxy)- 
pyridin-2-ylamine (preparation 60, 200 mg, 0.965 mmol) and 2,4,6-trifluorobenzoyl 
chloride (150 |xL, 1.16 mmol) yields of the title compound (341 mg, 88%). Mass 
spectrum (ion spray): m/z 365.8 (M+1); Analysis calculated for CigHisNaOjClFa. 
Theory: C. 53.81. H, 4.76, N, 10.46. Found: C, 53.74, H, 5.03, N, 10.43; mp = 264-6<'< 

Example 166. 4-Fluoro-//-[6-(piperidin-4-yloxy)-pyridin-2-yl]-ben2amide hydrogen 
chloride salt 



Combine 4-fluoro-N-[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-yl]-benzamide 
hydrochloride (example 161, 365 mg, 1.11 mmol) and 1 ,2-dichIoroethane (10 mL) and 
add 1 -chloroethyl chlorofonnate ( 1 .20 mL, 1 1 . 1 mmol). Heat the reaction to 80°C for 
18 hr. Add additional 1 -chloroethyl chlorofonnate (600 \iL, 5.5 mmol) and continue to 
heat at 80°C for 5 hr. Cool reaction to ambient temperature and add methanol. Load 
solution onto an SCX column and wash with methanol. Flush off product with 2 M 
ammonia in methanol and concentrate in vacuo. Purify by column chromatography (2%- 
8% 2 M NHj in methanol/CHaClj). Make the hydrogen chloride salt by sonication with 
one equivalent of ammonium chloride dissolved in methanol to yield of the title 
compound (1 1 5 mg, 29%). Mass spectrum (ion spray): m/z 316.3 (M+1); Analysis 



hydrogen chloride salt 
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calculated for C|7H,9N3O2FC10.5 H2O. Theory: C, 56.59, H, 5.59, N, 1 1 .65. Found: C, 
56.83, H, 538, N, 11.74; mp = 251 -3°C. 

Example 167 . 2-Chloro-N-[6-(l -cyclopropylmethyl-piperidin-4-yloxy>pjaidin.2.y]]-^ 
fluoro-benzamide 




H 




Add 2-ch]oro-4-fluorobenzoyl chloride (149 mg, 0.58 mmol) to a solution of 6-(l- 
cyclopropylmethyl-piperidin-4-yIoxy)-pyridin-2-ylamine (preparation 70, 13Dmg, 0.53 
mmol) in pyridine (7 mL) and heat at 55 °C for 15 hr. Remove pyridine in vacuo, 
dissolve the residue in CH2CI2, wash with saturated NaHCOa solution, dry over Na2S04, 
filter and concentrate to give a residue. Chromatography (silica gel, eluting with 5% 2M 
NHa-Methanol in CH2CI2) provides 170 mg (79%) of the title compound: mass spectrum 
(ion spray): 404.1 (M+1); 'h NMR (CDCI3, ppm): 8.08 (s, IH), 7.63 (m, 2H), 7.52 (t, 
IH), 7.1 1 (ra, IH), 6.99 (m, IH), 6.41 (d, IH), 4.82 (m, IH), 2.72 (m, 2H). 2.26 (m. 2H), 
2. 1 7 (d, 2H), 1 .89 (m, 2H), 1 .69 (m, 2H), 0.77 (m, IH), 0.40 (m. 2H). 0.00 (m, 2H). 
Hydrochloride salt: Analytical calc. for C2jH23ClFN3O2-HCl-0.5H2O: C, 56.13; H, 5.61; 
N. 9.35. Found: C, 56.12; H, 5.30; N, 9.35. 

Example 168 . 2-Chloro-N-[6-(l-cyclopiiopylmethyi.piperidin-4-yloxy)-pyridin-2-yl3-6- 
fluoro-benzamide mono-hydrochloride 

HCI 

Using a method similar to example 1 67, using 2-chIoro-6-fluoroben2oyl chloride 
(1 48 mg, 0.77 mmol) gives 92 mg (30%) of the title compound after reverse phase HPLC 
purification: mass spectrum (ion spray): 404.1 (M-Cl); 'H NMR (methanol-d4, ppm): 
7.80 (m, 2H), 7.49 (m. IH), 7.37 (m, IH). 7.23 (m, IH). 6.62 (dd, IH), 5.40 (m, IH). 
3.76-3.56 (m, 2H), 3.32 (m, 2H), 3.10 (m, 2H). 2.51-2.31 (m, 2H). 2.18-1.88 (m, 2H), 
1 .60 (m, IH). 0.78 (m, 2H), 0.47 (m, 2H). 



M 
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gxample 169 . 2,4,6-Trifluoro-N-methyl-N-[6-(l-methyl-pjperidin-4-yloxy)-pyridin-2-y]]- 



Combine sodium methoxide (290 mg, 5.38 mmol), paraformaldehyde (94 mg, 
3.13 mmol), 6-(l-methyl-piperidin-4-y]oxy)-pyridin-2-y]amine (preparation 60, 260 mg, 
1.25 mmol) and methanol (5 mL), heat at 50 °C for 20 hr. Add NaBH4 (85 mg, 2.25 
mmol), heat at reflux for 1 .5 hr. Then add 1 .ON KOH solution (2 mL), heat at reflux for 2 
hr. Partition between water and CH2CI2, extract aqueous phase with CH2C]2. Combine 
organic layers, dry over Na2S04, filter and concentrate to give a residue. Chromatography 
(silica gel) eluting with 5% 2M NHj-methanol in methylene dichloride provides 230 mg 
of methyI-[6-(l-methyl-piperidin-4-y]oxy)-pyridin-2-yl]- amine with a small amount (5- 
10%) of inseparable starting amine. 

Dissolve the above amine product in THF (6 mL), add triethylamine (2 1 9 mg, 0.29 
mL, 2.08 mmol) and 2.4,6-trifluorobenzoy] chloride (303 mg, 1 .56 mmol) sequentially, 
heat at 55 °C overnight. Quench with O.IN NaOH, extract vwth methylene dichloride 
three times. Combine the organic layers, dry over Na2S04, filter and concentrate to give a 
residue. Chromatography (silica gel) eluting with 3.5% 2M NHa-methanol in methylene 
dichloride provides 204 mg (43% two-step yield) of the title compound as a colorless oil: 
mass spectrum (ion spray): m/z = 380.1 (M+1); 'H NMR (CDCI3, ppm): 7.47 (t, IH), 6.53 
(m, 4H), 4.74 (m, IH), 3.48 (s, 3H). 2.71 (m. 2H), 2.32 (s, 3H), 2.25 (m, 2H), 1.91 (m, 
2H), 1.72 (m, 2H). Mono-hydrochloride salt: Anal, calc for Cj9H2oF3N302-HC10.5H20: 
C, 53.72; H, 5.22; N, 9.89. Found: C, 53.84; H, 5.04; N, 9.73. 

Example 170. 2,4,6-Trif]uoro-N-ethyl-N-[6-(l-methyl-piperidin-4-yloxy)-pyridin-2-y]]- 



benzamide 




benzamide 
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Dissolve ethyl-[6-(l-methy]-piperidin-4-y]oxy)-pyridm-2.y]]-amine (preparation 
74, 1 10 mg, 0.47 mmol) in THF (6 mL). add triethylamine (95 mg. 0.94 mmol) and 2,4,6- 
trifluorobenzoy] chloride (136 mg, 0.70 mmol) sequentially, heat at 55 "C overnight. 
Quench the reaction with O.IN NaOH, extract with methylene dichloride three times. 
Combine the organic layers, dry over Na2S04, filter and concentrate to give a residue. 
Chromatography (silica gel) eluting with 3.5% 2M NHa-methanol in methylene dichloride 
provides 151 mg (82%) of the title compound as an oil: mass spectrum (ion spray): m/z = 
394.1 (M+1); 'H NMR (CDCI3, ppm): 7.43 (t, IH). 6.52 (m, 4H), 4.82 (m, IH), 4.03 (q, 
2H). 2.73 (m. 2H). 2.33 (s, 3H). 2.26 (m, 2H), 1.95 (m, 2H), 1.75 (m, 2H), 1.31 (t, 3H).' 
Mono-hydrochloride salt: Anal cald for C2oH22F3N302 HCl-H20: C, 53.63; H, 5.63; N, 
9.38. Found: C, 53.66; H, 5.12; N, 9.29. 

Example 171. 2-Chloro-4-fluoro-JV-[3-(l-methyl-piperidin-4-ylsulfanyl).phenyl]- 
benzamide hydrogen chloride salt 




HCI 

Combine pyridine (0.1 10 mL, 1 .36 mmol), 3-(l-methyl-piperidin-4-ylsulfanyl)- 
phenylamine (preparation 76, 151 mg. 0.679 mmol) in dichloromethane (6.5 mL) at 0°C.- 
Stir and add 2-ch]oro-4-fluorobenzoyl chloride (0.105 mL, 0.815 mmol). Allow to warm 
to ambient temperature and stir. After 2hr., dilute with dichloromethane (10 mL) and 
wash with sodium hydroxide (IN, 3x10 mL). Combine the organic layers, diy over 
sodium sulfate and concentrate under reduced pressure. Purification by flash 
chromatography, eluting with dichloromethane/ammonia (2.0 N in methanol) [20/1] to 
give the titie compound as free base (1 84 mg, 72%). Dissolve the residue in diethyl ether 
and treat with ethereal hydrogen chloride (1 .0 M). Triturate the resulting gum with ether 
to give the titie compound as the hydrogen chloride salt. 'H NMR (free base, CDCI3): 
8.37 (bs, IH), 7.65 (s, IH), 7.58 (t, J = 6.8 Hz, IH). 7.42 (d. J = 7.7 Hz, IH), 7.21 (t, 7 = 
7.8 Hz, IH), 7.14 - 7.06 (m, 2H), 6.99 - 6.93 (m, IH), 3.05 (bs, IH), 2.71 (b'd, J= 1 1.5 
Hz, 2H), 2.19 (s, 3H), 2.03 - 1.90 (m. 4H), 1.67 - 1.56 (m, 2H). '^C NMR (free base, 
CDCI3): 164.9, 162.2 (d, Jc-F = 167.7 Hz), 137.9, 135.8, 132.0. 131.7 (d, Jc.f = 8.6 Hz), 
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131.4, 129.3, 128.0, 123.0. 118.6, 117.5 (d,Jc-F = 25.0 Hz), 114.5 (d,yc-F= 21.3 Hz), 
54.9, 46.0, 43.6, 32.4. 

Example 172. 4-Fluoro-iV^[3-(l -nie%]-piperidin-4-ylsu]fanyl)-phenyl]-benzaniide 
hydrogen chloride salt 




HCI 

Using a method similar to example 171, using 4-fluorobenzoyl chloride (0.100 
mL, 0.836 mmol) gives the title compound as the free base (215 mg, 90%). Following a 
method similar to example 171 gives the title compound as the hydrogen chloride salt: 'H 
NMR (free base, CDCI3): 8.43 (bs, IH), 7.78 (dd, J= 8.5, 5.3 Hz, IH), 7.66 (s, IH), 7.44 
(d, y = 7.8 Hz, IH), 7.20 - 6.97 (m, 4H), 3.02 (bs, IH), 2.70 (bd, J = 1 1 .3 Hz, 2H). 2.1 8 (s, 
3H), 2.00 - 1.88 (m. 4H), 1.66 - 1.54 (m, 2H); '^C NMR (free base, CDCls): 166.5, 164.0 
(d. Jc-F= 138.6 Hz), 138.3. 135.6, 130.8, 129.5 (d,yc-F = 8.8 Hz), 129.2, 127.9, 123.4, 
1 18.9, 1 15.6 (d, Jc-F = 21.9 Hz), 54.9, 46.0, 43.6, 32.4. 

Example 173, 2,6-Difluoro-W^[3-( 1 -methyl-piperidin-4-ylsulfanyl)-phenyl]-benzamide 
hydrogen chloride salt 




HCI 

Using a method similar to example 171, using 2,6-difluorobenzoyl chloride (0.263 
mL, 2.10 mmol) gives the title compound as the free base (610 mg, 96%). Following a 
method similar to example 171 gives the title compound as the hydrogen chloride salt. 
Mass spectrum (free base, ion spray): m/z = 363.1 (M+1), 'hNMR (free base, CDClj): 
8.1 1 (bs, IH), 7.70 (s. IH). 7.46 (bd, 7= 7.9 Hz, IH), 7.43 - 7.33 (m, IH), 7.29 - 7.16 (m, 
2H), 6.95 (t. J= 8.0 Hz, 2H), 3.1 1 (bs, IH). 2.77 (bd. J= 11.7 Hz. 2H), 2.23 (s, 3H), 2.08 
- 1 .96 (m, 4H). 1 .73 - 1 .60 (m. 2H). 
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10 



15 



20 



25 



Preparation 114. 3-F]uoro-5-(l -methyI-piperidin-4-y]sulfanyl>phenylaniine 




Combine 4-(3-FI«oro-5-nitro-pheny]sulfany])-] -methyl-piperidine (preparation 75 
0.31 g, 1.15 mmol). iron dust (0.21 g, 3.79 mmol), methanol (10 mL) and aqueous IM 
hydrochloric acid (0.35 mL, 0.35 mmol), stir and heat at reflux. After 20h. coo] to 
ambient temperature and concentrate. Partition residue between ethyl acetate (50 mL) and 
IM sodium hydroxide (20 mL). Separate the organic layer, dry over sodium sulfate, filter 
and concentrate. Purify residue by silica gel flash chromatography eluting with IQo/o (2M ' 
NH3/ methanol)/ methylene dichloride to obtain 0.1 1 g (40%) of the title compound: mass 
spectrum (electrospray): m/z = 241.1 (M+1). 

ExamE]eJ74. 2-Chloro-4-f]uor^ 
phenyl]"benzamide 




F 



Combme 3-fluoro-5-(l-methyl-piperidin-4-ylsulfanyl).phenylamine (preparation 
1 14, 0.1 1 g, 0.46 mmol). 1 ,4-dioxane (5 mL) and 2-ch]oro-4-fluoro.benzoyl chloride 
(0.09 g, 0.46 mmole). stir and heat at reflux. After 3 hr.. cool to ambient temperature 
Load on an SCX column (10 g), wash with methanol, elute with 2M ammonia/ methanol 
Concentrate eluent. Purify residue by silica gel flash chromatography eluting with 1 0% 
(2M NH3/ methanol)/ methylene dichloride to obtain the title compound (0 03g 1 7%) 
Mass spectrum: Obs. m/z 397.0974; calc. m/z 397.0953; 'HNMR (CDC]3)free base- 7 9 
(bs. IH), 7.8 (m. IH). 7.4 (m. IH). 7.3 (s. IH). 7.2 (m. IH). 7.1 (m. IH). 6.9 (m, IH). 3 2 
(m. IH). 2.8 (m, 2H), 2.3 (s. 3H), 2.0 (m, 4H), 1.7 (m, 2H). 

Examples using Cnmhinfltorial rhpmict^. 

The following examples are synthesized using combinatorial chemistiy 
techniques. The reagents, reaction conditions, and product characterizations are as 
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described below. Recombinant chemistry compounds are characterized by liquid 
chromatography/mass spectroscopy on a Shimadzu QP8000™. Examples Rl-R] 5, R25- 
R38, and R55-R65 are run with a Metachem™ CI 8 column (monochrom 5 micron, 4.6 x 
50 cm) using a 10-80% solvent B gradient in 9 min., where solvent A is 0.1% 
trifluoroacetic acid in water and solvent B is 0.08% trifluoroacetic acid in acetonitrile. 
Examples Rl 6-R24 and R39-R54 are run with a Metachem™ CI 8 column (monochrom 
3 micron, 2.5 x 25 cm) using a 1 0-90% solvent B gradient in 4.5 min., where solvent A is 
0.1% trifluoroacetic acid in water and solvent B is 0.1% trifluoroacetic acid in 
acetonitrile. 



Examples R1-R9 

T 

Heat 3-Fluoro-5-(l-methyl-piperidin-4-yloxy)-pheny]amine (200 )jL of 0.5 M 
solution in dioxane) and R-acid chloride (0. 1 0 mmol) to 90°C. After 2 hr., dilute the 
reaction mixture with 10% acetic acid/methanol (0.5 mL). Apply the resulting solution 
directly to a 2 g SCX column. Thoroughly wash the column with methanol, elute with 
1 M ammonia-methanol, concentrate the eluant, and purify by high-throughput mass 
guided chromatography. The procedure is repeated in parallel for products R1-R9 . 



Ex. 


Acid Chloride 


Product 


Product Name 


Data 


Rl 


F 


F ° ^ 


2,6-Difluoro-N-[3- 
fluoro-5-(l -methyl- 
piperidin-4-yloxy)- 
phenyl]-benzamide 


LCMS Rf 3.2 
min at 254 nm, 
m/e365 (M+l) 


R2 


-^S CI 
CI 


'^o"^-Q,-CH, 


N-[3-fluoro-5-(]. 
methylpiperidin-4- 

yloxy)pheny]]-3-chloro- 
2- 

thiophenecarboxamide j 


LCMS Rf 1.75 
min at 254 nm, 
m/e 369 (M+1). 
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Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R3 


F 




2,4,6-Trifluoro-N-[3- 
fluoro-5-(l -methyl - 
piperidin-4-yloxy)- 
phenylj-benzamide 


LCMS Rf 3.30 
min at 254 nm, 

iij/c JO J \iyx*i J, 


R4 






N-[3-fluoro-5-(]- 
methyl-piperidin-4- 
vl ox V Vohen vll - 
Cyclobutane- 
carboxamide 


LCMS Rf3.08 
min at 254 nm, 

liJ/c j\J / {^r/l'i-i J, 


R5 


F 




3,4-Difluoro-N-[3- 
fluoro-5-f 1 -methvl- 
piperidin-4-yIoxy)- 
phenylj-benzamide 


LCMS Rf3.58 
mm at jldh nm, 
m/e365 (M+1): 


R6 


Br 


Br ^— ' 


2-Bromo-N-[3-f]uoro-5- 
( 1 -methyl-piperidin-4- 
yloxy)-phenyl]- 
benzamide 


LCMS Rf 3.39 
min at 254 nm, 
m/*» ACifi nvif-i- 1 ^ 


R7 


<y<: 




N-[3-F]uoro-5-(]- 
methy 1 -piperi din-4- 
vloxvVDhenvll- 
isonicotinamide 


LCMS Rf 2.55 
min at 254 nm, 
iij/e dju ^iviT^i J, 


R8 


CI 


o 


2,4-Dichloro-N-[3- 
fli3oro-5-(l -methyl- 
piperi din -4 -y 1 oxy)- 
3henyl]-benzamide 


LCMS Rf3.73 
min at 254 nm, 
m/e 398 (M+1). 


R9 


a 


a 


2-Chloro-6-f]uoro-N-[3- 
fluoro-5-(l-methyj- 
piperidin-4-yloxy)- 
phenylj-benzamide 


LCMS Rf3.49 
rain at 254 nm, 
m/e 381 (M+1). 
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Examples R10-R14 

Heat 2-fluoro-3-(l-methyl-piperidm-4-yloxy)-phenylamine (200 nL of 0.5M 
solution in dioxane) and R-acid ch]oride(0.10 mmol) to 90''C. After 2 hr., dilute the 
reaction mixture with 1 0% acetic acid/methanol (0.5 mL). Directly apply the resulting 
solution to a 2 g SCX column. Thoroughly wash the column with methanol, elute with 
1 M ammonia-methanol, concentrate the eluant, and further purify by high-throughput 
mass guided chromatography. The procedure is repeated in parallel for products Rl 0-R] 4 



Ex. 


Acid Chloride 


Product 


Product Name 


Data 


RIO 


F 


F 


2,6-Difluoro-N-[2- 
f]uoro-3-(l-methyl- 
piperidin-4-yloxy)- 
phenylj-benzamide 


LCMS Rf 2.64 min 
at 254 nm, m/e 365 
CM+1). 


Rll 


F 


F 


2,4,6"Trifluoro-N-[2- 
fluoro-3-(l -methyl- 
piperidin-4 -yloxy)- 
pheny]]-ben2amide 


LCMS Rf 2,70 min 
at 254 nm, m/e 383 
(M+1). 


R12 




-^^"^^ 


3,4-Difluoro-N-[2- 
fluoro3-(I -methyl- 
piperidin-4-yloxy)- 
phenylj-benzamide 


LCMS Rf 2.81 min 
at 254 nm, m/e 365 
(M+1). 


R13 






2,4-Djch]oro-N-[2- 
fluoro-3-(I -methyl- 
piperidin-4-yloxy)- 
phenyl]-benzamide 


LCMS Rf 3.07 min 
at 254 nm, m/e 397 
(M+1). 
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Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R14 


Ci 


a 


2-Ch]oro-6-fluoro-N- 
[2-fluoro-3-( 1 -methy]- 
piperidin-4-yloxy)- 
phenylj-benzamide 


LCMS Rf 2.78 min 
at 254 nm, m/e 38] 
(M+1). 



Combine R-carboxylic acid (300 of 0.5M solution in DMF), HATU (57 mg, 
0.15 mmol), collidine (19 |iL, 0,15 mmol), 3-(l-methy]-piperidin-4"yloxy)-pheny]amine 
and DMF (1.5 mL), and stir for 48 hr. Dilute the reaction mixture with 10% acetic 
1 0 acid/methanol (0.5 mL) and directly apply the resulting solution to a 2 g SCX column. 
Thoroughly wash the column with methanol, elute the column with 1 M ammonia- 
methanol, concentrate the eluant, and further purify by high-throughput mass guided 
chromatography. 



R15 


Acid Chloride 


Product 


Product Name 


Data 


R15 






N-[3-(I-methy]- 

piperidin-4-yJoxy)- 

phenyl]-2- 

thiophenecarboxamide 


LCMS Rf2.69TniTiat 
254 nm, m/e 317 
(M+]). 



Example R16-R24 

20 



154 



Example R15 
0 

OH 



wo 2004/094380 



PCT/US2004/009283 



Heat 6-(l-methyl-piperidin-4-yloxy)-pyridjn-2-ylamine (200 ^iL of 0.5M solution 
in pyridine) to SS'C , add R-acid chloride (0. 1 0 mmol) and heat to 90*C. After 2 hr., 
concentrate the reaction mixture, dilute with 10% acetic acid/methanol (0.5 mL) and 
methanol (0.5 mL). Directly apply the resulting solution to a 2 g SCX column. Wash 
thoroughly with methanol, elute the column with 1 M ammonia-methanol, concentrate the 
eluant, and fijrther purify by high-throughput mass guided chromatography. The 
procedure is repeated in parallel for products R16-R24. 



Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R16 

D 1 T 


F 


y — \ 
0-( N-CH, 

F F 


2-FIuoro-N-[6-(l- 

methy]-piperidin-4- 

yIoxy)-pyridin~2-yl]-6- 

trifluoromethyl- 

benzamide 


LCMS Rf 1.21 minat 
254 nm; m/e 398 


KJ7 




F F 


2,3,4-Trifluoro-N-[6-(l - 
methyl-piperidin-4- 
yloxy)-pyridin-2-yJ]- 
benzamide 


LCMS Rf 1.62 minat 
254 nm, m/e 366 
(M+1). 


R18 


F 


p-{ N-CH. 

F 


2,4,5-Trifluoro-N-[6-(] - 
Tnethyl-piperidin-4- 
yloxy)-pyridin-2-yI]- 
benzamide 


LCMS RfL59 minat 
254 nm, m/e 366 
(M+1). 


R]9 


F F 




4-Fluoro->J-[6-(1. 

niethy]-piperidin-4- 

yloxy)-pyridin-2-yl]-2- 

triflucromethyl- 

benzamide 


LCMS Rfl. 59 minat 
254 nm, m/e 398 
(M+J). 


R20 


F 


F 


2,4,6-Trifluoro-N-[6-(l- 
methyI-piperidin-4- 
yloxy)-pyridin-2-yl]- 
benzamide 


LCMS Rf L56min at 
254 nm, m/e 366 
(M+1). 


R2] 


r-S CI 

CI 


a 


N-[6-(l -methyl- 
piperidin-4~y)oxy)- 
pyridjn-2-yl]-3-Chloro- 
2-thjophenecarboxamide 


LCMS Rf 1.57min at 
254 nm, m/e 351 
(M+1). 
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Ex. 


Acid Chloride 


Product 


Product INJame 


Data 


R22 


a 


a 


2-ChIoro-N-[6-(l- 
methy]-piperidin-4- 
yloxy)-pyridin-2-yl]- 
benzamide 


LCMS Rn.49minat 
254 nm, m/e 346 
(M+1). 


R23 


F 

^: 

F 


F 


2 5-Difluoro-'N-rfi-n- 
methyl-piperidin-4- 
yl oxy>-pyridin-2ryI]- 
benzamide 


LCMS Rf 1.57minat 
254 nni, m/e 348 
(M+1). 


R24 


F 


F 


2-Fluoro-N-[6-(]- 

methyl-piperidiii-4- 

y]oxy)-pyridin-2-y]]-4- 

trifluoromcthyl- 

benzamide 


LCMS Rf l,72minat 
254 nm, m/e 398 
(M+1). 



Example R25-R29 



Heat 6-(l-methyl-piperidin-4-yIoxy)-pyridin--2-ylamine (200 |xL of 0.5M solution 
in pyridine) to 55°C, add R-acid chloride (0.10 mmol), and heat to 90°C. After 2 hr., 
concentrate the reaction mixture, dilute with 10% acetic acid/methanol (0.5 mL) and 
methanol (0.5 mL). Directly apply the resulting solution to a 2 g SCX column. 
Thoroughly wash the column with methanol, elute with 1 M ammonia-methanol, 
concentrate the eluant, and further purify by high-fliroughput mass guided 
chromatography. The procedure is repeated in parallel for products R25-R29. 



No.: 


Acid Chloride 


Product 


Product Name 


Data 


R25 


^: 

F 


^F ^ — ^ 
F 


2,6-Difluoro-N-[6-(l- 
methyl-piperidin-4- 
yl oxy)-py ridin-2-yl]- 
benzamide 


LCMS Rf 3.29 min 
at 254 nm, m/e 348 
(M+l). 
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Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R26 


cK 


^ O o-^^-CH, 


N-[6-(l -methyl-piperidin- 
4-yloxy>pyridiii-2-yl]- 
cyclopentane- 
carboxamide 


T ^ 

LCMS Rf 2.87 min 
at 254 nm, m/e 304 


R27 


Br 




2-13romo-N-[6-(l -methyl- 

piperidjn-4-y)oxy)- 

pyridin-2-yl]-benzamide 


LCMS Rf 3.22 min 
at 254 nm, m/e 391 
(M+1). 


R28 


F F 


F F J y 


N-[6-(l-Methyl- 
pjperidin-4-yloxy)- 
pyridin-2-yl>2- 
trifl uoromethoxy- 
benzamide 


LCMS Rf 3.54 min 
at 254 nm, m/e 396 
(M+1). 


R29 


CI 


a 


2-Chloro-6-fluoro-N-[6- 
( } -methyI-piperidin-4- 
yloxy)-pyridin-2-yl]- 
benzamide 


LCMS Rf min at 
254 nm, m/e 364 
(M+1). 



Example R30-R38 

Combine R-acid (300 \iL of 0.5M solution in DMF), HATU (57 mg, 0.15 mmol), 
coUidine (19 \xL, 0.15 mmol), 6-(l-methy]-piperidin-4-yloxy)-pyridin-2-y]amine and 
1 0 DMF (1 .5 mL) and stir. After 48 hr., dilute the reaction mixture with 1 0% acetic 

acid/methanol (0.5 mL) and directly apply the resulting solution to a 2 g SCX column. 
Thoroughly wash the column with methanol, elute with 1 M ammonia-methanol, 
concentrate the eluant, and further purify by high-throughput mass guided 
chromatography. The procedure is repeated in parallel for products R30-R38. 
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Ex. 


Carboxylic Aci 


d Product Product Name j^^^ 


R30 


O 




N-[6-(l -methyl- 
piperidin-4-yloxy)- 
pyridin-2-yJ].5-fluoro-2 
pyridinecarboxamide 


LCMS Rf2.91 minat 
254nm, m/e33J 
(M+1). 


R31 


a 




2-Ch]oro-4-cyano-N-[6- 
( J -methyl-piperidin-4- 
yloxy)-pyridin-2-yI]- 
benzamide 


LCMS Rf2.98 minat 
254 lim, m/e 371 
(M+1). 


K32 




Q 

o 


2-F]uoro-N-[6-(l- 
methyJ-piperidin-4- 
yloxy)-pyridjn-2-yl]-4- 
nitro-benzamide 


LCMS Rf3.09 minat 
254 nm, m/e 374 
(M+I). 


R33 


r-^ OH 




N.[6-{l-methyJ- 
piperidjn-4-yJoxy)- 
pyrjdin-2.yJ]-5-Bromo- 
2-thjophenecarboxamide 


LCMS Rf3.4 minat 
254 nm, m/e 397 
(M+j). 


R34 






>J-[6-(l -methyl- 
piperidiTj-4-yloxy)- 
pyridin-2-yl]-5-nitro-2- 
thiophenecarboxamide 


LCMS Rf3.19 minat 
254 nm, m/e 362 
(M+l). ' 


R35 


Br 


Br 


2-Bromo-4-fluoro-N-[6- 
(1 -methyl-piperidin-4- 
yIoxy)-pyridin-2-yl]- 
benzamide 


LCMS Rf 3.04 min at 
254 nm, m/e 409 
(M+1). 


R36 


r-S PH 




N-[6-(I -methyl- 
piperidin-4-yloxy)- 
pyridin-2-yl]-2. 
thiophenecarboxamide 


LCMS Rf 2.79 min at 
254 nm, m/e 318 
(M+1). 
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Ex. 


Carboxylic Acid 


Product 


Product Name 


Data 


R37 




F 


4-ChIoro-2-fluoro-N-[6- 
( ] -methyl -piperidin-4- 
yl oxy)-pyridi n-2 -yl] - 
benzamide 


LCMS Rf3,23 min at 
254 nm, m/e 364 
(M+J). 


R38 


Br 


Br 


3-BroTno-4 -fluoTO-M -[6- 
( 1 -methyl-p)peridin-4- 
yloxy)-pyridin-2-yl]- 
benzamide 


LCMS Rf3.39minat 
254 nm, m/e 409 
(M+1). 



Example R39-R54 

Heat 3-(l-raethyl-piperidin-4-ylsulfanyl)-phenylainine (200 |iL of 0.5M solution 
in dioxane) and R-acid chloride (0.10 nunol) to 95°C. After 2 hr., dilute the reaction 
10 mixture with 10% acetic acid/methanol (0.5 mL). Directly apply the resulting solution to 
a 2 g sex column. Thoroughly wash with methanol, elute the column with 1 M 
ammonia-methanol, concentrate the eluant, and further purify by high-througliput mass 
guided chromatography. The procedure is repeated in parallel for products R39-R54. 



Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R39 


CI 


^V^o"^^-/^N-CH3 
CI ^ — ^ 


N-[3-(l-methyl- 
pjperidin-4-yl sul fany))- 
phenyl]- 3-ch]oro-2- 
thiophenecarboxamide 


LCMS Rf L49minat 
254 nm,m/e 366.1 
(M-fl). 
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Ex. 


Add Chloride 


Product 


Product Name 


Data 


R40 


F 




2,4-Difluoro-N-[3-(l- 
methyl-piperidin-4- 
ylsulfanyl)-phenyl]- 
benzamide 


LCMS Rf].53mjnat 
254 nm,m/e 362.1 


R41 


r r 


F F 


4-Fluoro-N-[3-(l -methyJ- 

piperidin-4-y!sulfanyl)- 

phenyl]-2- 

trifluoromethyl- 

benzamide 


LCMS Rfl.6rainat 

254nm,m/e4]2.1 

(M+1). 


R42 


F 


F 


2,4,6-Trif]uoro-N-[3-( 1 - 
inethyl-piperidin-4- 
y]sulfanyl)-phenyl]- 
benzamide 


LCMS Rfh46minat 

nm,m/e ioU.l 
(M+1). 


R43 




o<<^ 


N-[3-(l-methyl- 
piperidin-4-yIsulfanyl)- 
phenyl]-cyc!obutarje- 
carboxamide 


LCMS Rn.34minat 
(M+l). 


R44 


/=rv CI 

a 




2-ChIoro-N-[3-(l- 
methyl-piperidin-4- 
ylsulfanyl)-phenyl]- 
benzamide 


LCMS Rf 1 .44 min at 

254nm,m/e360.] 

(M+1). 


M\,HD 






N-[3-(l -methyl- 
piperidin-4-ylsuIfanyl)- 
pheryl]-cyclopentane- 
carboxamide 


LCMS Rf 1.48 min at 
254 nm,m/e318.2 
(M+1). 


R46 






Cyclohexanecarboxylic 
acid [3-(l-methyl- 
piperidin-4-yJsulfanyI> 
pheny]]-amide 


LCMS Rf 1.47 min at 
254 nm,m/e 332.2 
(M+1). 
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Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R47 


F 




3,4-Difluoro-N-[3-(l- 
methyl-piperidin-4- 
ylsulfanyl)-phenyl]- 
benzamide 


LCMS Rf 1.56 mm at 
254 nm,m/e 362.] 
(M+1). 


R48 






2,3.4-Trifluoro-N-[3-(l - 
methyI-piperidin-4- 
ylsulfenyl)-pheny]]- 
benzamide 


LCMS Rfl.57mmat 
254 nm,m/e 380.1 
(M+1). 


R49 


Br 




2-Bronio-N-[3-{l- 
methyl-piperidin-4- 
ylsulfanyl>phenyl]- 
benzamide 


LCMS RfL45mmat 
254 nm,m/e 406J 


R50 






N-[3-(l-Methyl- 

piperidin-4-yIsulfanyl)- 

phenyJ]-nicotinamide 


LCMS Rfl.09mmat 
254 nm,m/e 327.1 
(M+1). 


R51 






N-[3-(] -Methyl- 
pjperidiTi-4-y] sulfany])- 
pheny]]-isonicotinamide 


LCMS Rf 1 .09 min at 
254 nm,m/e 327.1 
(M+I). 


R52 




^ O S-( N-CH, 


N-[3-(l-MethyJ- 

piperidin-4-ylsulfany)> 

phenyl]-2- 

trifluoromethoxy- 

benzamide 


LCMS RfKSSminat 
254 nin,m/e 394.1 
(M+1). 


R53 


CI 


,S-{3l-0H. 

a ° 


2-Chloro-6-f]uoro-N-t3- 
( 1 -methyl-piperidin-4- 
ylsulfanyl)-phenyl]- 
benzamide 


LCMS Rf 1.44 min at 
254 Tim,m/e 378.1 
(M+1). 


R54 


^: 

CI 


a 


2,6-Dichloro-N-[3-(I- 
methyl-piperidin-4- 
ylsulfaTiyJ)-phenyl]- 
benzamide 


LCMS Rf 1.54 min at 
254 nm,m/e 394.1 
(M+1). 
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Example R55-R65 




Heat 6-(l-methyI-piperidin-4-ylsulfanyl)-pyridin-2-ylainine (200 jiL of 0.5M 
solution in dioxane) and R-acid chloride (O.IO mmol) to 95°C. After 2 hr. dilute, the 
reaction mixture with 10% acetic acid/methanol (0.5 mL). Directly apply the resulting 
solution to a 2 g SCX column. Thoroughly wash the column with methanol, elute with 
1 M ammonia-methanol, concentrate the eluant, and ftirther purify by high-throughput 
mass guided chromatography. The procedure is repeated in parallel for products R55- 
R65. 



Ex. 




Product 


Product Name 


Data 


R55 


2,4-Difluorophenyl 




2,4-D]fluoro-N-[2-(]- 
methyI-piperid)n-4- 
y]su]fanyl)-pyridin-5- 
yl]-benzamide 


LCMS Rf 1.68minat 
254 nm,m/e 363.1 
(M+l). 


R56 


4-Fluoro-2- 

trifluoromethyl- 

phenyl 




4-F]uoro-2- 
trifluoromethyl-N-[2- 
(1 -methyl-piperidin-4- 
yl sulfai]y])-pyridiii-5 - 
ylj-benzamide 


LCMS Rn.7minat 
254 nm,m/e 413.3 
(M+1). 


R57 


2-Chlorophenyl 




2-Chloro-M'[2-(l- 
niethyl-piperidm-4- 
ylsulfanyl)-pyridin-5- 
yl]-benzamide 


LCMS Rf J.68min at 
254 nm,m/e 361.1 
(M+l). 


R58 


Cyciopentyl 




N-[2-(l -methyl- 
pipendin-4- 
ylsulfanyl)-pyridin-5- 
yl]-cyclopentaTnide 


LCMS Rf 1 .63 min at 
254nin,m/e 319.2 
(M+l). 


R59 


Cyclohexyl 




N-[2-{l -methyl- 
piperidin-4- 
ylsulfanyI)-pyridin-5- 
yI]-cyclohexamide 


LCMS Rf 1.63 min at 
254 nm,m/e 333J2 
(M+l). 
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Ex. 


Acid Chloride 


Product 


Product Name 


Data 


R60 


2-Bromophenyl 




2-Bromo-N-[2-(l- 
methyI-piperidiii-4- 
ylsulfanyl)-pyridin-5- 
ylj-benzamide 


LCMS Rf 1.58minat 
254 nm,m/e 407 
(M+1). 


R61 


3-Chloro- 
thiophene-2-yl 




3-ChIoro-N-[2-(l- 
methy] -piperi di n-4- 
ylsu]fany])-pyridin-5- 
yl]-2-thiophene- 
carboxamide 


LCMS Rf I.70minat 
254 nm,m/c 367.1 
(M+]). 


R62 


Cyclobutyl 




N-[2-(l-methy]- 
piperid3n-4- 
yJsu]fany])-pyridin-5- 
yl]-cyc]obutamide 


LCMS Rf 1.45niinat 
254 nm,7Ti/e 305.2 
(M+1). 


R63 


3,4-DifliiorophenyI 




3,4-Difluoro-N-[2-(l- 
methyl-piperidin-4- 
ylsuJfanyl)-pyridin-5- 
y]]-benzaniide 


LCMS Rf L64minat 
254 nm,ni/e 363.1 
(M+1): 


R64 


2,3,4- 

Trifluoropheny) 




2,3,4-Trif]uoro-N-[2- 
( 1 -methyl -piperidin-4- 
y]sulfanyl)-pyrjdin-5- 
yl]-ben2amide 


LCMS Rf L67minat 
254 nm,m/e 381.1 
(M+J). 


R65 


2,4-Dichlorophenyl 




2,4-Dich!oro-N-[2-(]- 
methyl-piperidiii-4- 
yIsulfany))-pyridin-5- 
y)]-ben2amide 


LCMS Rf 1.81 minat 
254 nm,m/e 395.1 
(M+l). 



The compounds of this invention are useful for increasing activation of the 5-HT|f 
receptor. An increase in the activation of the 5-HTif is useful for treating a variety of 
disorders which have been linked to decreased neurotransmission of serotonin in 
mammals, e.g., migraine headaches. See U.S. Patent No. 5,708,008 demonstrating tiie 
nexus between activation of the 5-HTif receptor and migraine. To demonstrate the use of 
the compounds of the present invention in the treatment of migraine, their ability to bind 
to the 5-HTjF receptor subtype was determined. The ability of the compounds of this 
invention to bind to the 5-HTif receptor subtype was measured essentially as described in 
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N. Adham, et al.. Proceedings of the National Academy of Sciences (USA), 90:408-412, 
1993. 

Membrane Preparation: 

Membranes were prepared from transfected Ltk- cells (transfected with the human 
5-HTiF receptor sequence) which were grown to 100% confluency. The cells were washed 
twice with phosphate-buffered saline, scraped from the culture dishes into 5 mL of ice- 
cold phosphate-buffered saline, and centrifuged at 200 x g for 5 minutes at 4°C. The 
pellet was resuspended in 2.5 mL of ice-cold Tris buffer (20 mM Tris HCl, pH 7.4 at 23 
"C, 5 mM EDTA) and homogenized with a Wheaton tissue grinder. The lysate was 
subsequently centrifuged at 200 x g for 5 minutes at 4°C to pellet large fragments which 
were discarded. The supernatant was collected and centrifuged at 40,000 x g for 20 
minutes at 4''C. The resulting pellet was washed once in ice-cold Tris wash buffer and 
resuspended in a final buffer containing 50 mM Tris HCl and 0.5 mM EDTA, pH 7.4 at 
23°C. Membrane preparations were kept on ice and utilized within two hours for the 
radioligand binding assays. Protein concentrations were determined by the method of 
Bradford. v4 no/. Biochem.. 72:248-254, 1976. 

Radioligand Binding: 

[^H] 5-HT binding was performed using slight modifications of the 5-HT|d assay 
conditions, reported by Herrick-Davis and Titeler (J. Neurochem.. 50:1624-1631, 1988) 
with the omission of masking ligands. Radioligand binding studies were achieved at 
37°C in a total volume of 250 jiL of buffer (50 mM Tris, 10 mM MgCb , 0.2 mM EDTA, 
1 0 nM pargyline, 0.1% ascorbate, pH 7.4 at 37°C) in 96 well microtiter plates. Saturation 
studies were conducted using [^H] 5-HT at 12 different concentrations ranging from 0.5 
nM to 1 00 nM. Displacement studies were performed using 4.5-5.5 nM [^H] 5-HT. The 
binding profile of drugs in competition experiments was accomplished using 6-12 
concentrations of compound. Incubation times were 30 minutes for both saturation and 
displacement studies based upon initial investigations which deteimined equilibrium 
binding conditions. Nonspecific binding was defined in the presence of 10 pM 5-HT. 
Binding was initiated by the addition of 50 jiL membrane homogenates (1 0-20 ng). The 
reaction was terminated by rapid filtration through presoaked (0.5% poylethyleneimine) 
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10 



15 



20 



30 



filters using 48R Biandel Cell Harvester (Gaithei^burg, MD). Subsequently, filters were 
washed for 5 seconds with ice cold buffer (50 mM Tris HCl, pH=7.4 at 4°C), dried and 
placed into vials containing 2.5 mL Readi-Safe (Beckman, Fullerton, CA) and 
radioactivity was measured using a Beckman LS 5000TA liquid scintillation counter. The 
efficiency of counting of [^H] 5-HT averaged between 45-50%. Binding data was 
analyzed by computer-assisted nonlinear regression analysis (Accufit and Accucomp 
Lunden Software. Chagrin Falls. OH). ICso values were converted to K. values using the 
Cheng-PrusofF equation. Biochem. Pharmacol, 22:3099-3108 (1973). All experiments 
were performed in triplicate. Representative compounds of the present invention were 
found to have high affinity for the 5-HT,p receptor as measured by the procedure 
described above, as for example K. 's of less than or equal to about 300 nM. Preferred 
compounds of the present invention have K. 's of less than or equal to about 100 nM. Yet 
more prefeired compounds have a K.- of less than or equal to 50 nM. The exemplified 
compounds had Ki's of less than or equal 1 50 nM. 

Measure ment of cAMP formation 

As was reported by R.L. Weinshank. et al. W093/] 420 1 , the 5-HT,f receptor is 
functionally coupled to a G-protein as measured by the ability of serotonin and 
serotonergic drugs to inhibit forskolin stimulated cAMP production in NIH3T3 cells 
transfected with the 5-HT,p receptor. Adenylate cyclase activity was detennined using 
standard techniques. A maximal effect is achieved by serotonin. An E™, is detennined 
by dividing the inhibition of a test compound by the maximal effect and deteimining a 
percent inhibition. N. Adham, et a/.. .„^ro.; R.L. Weinshank, et a/.. Procee^/„^^ of the 
National Academy of Sciences (USA). 89:3630-3634, 1992; and the references cited 

4 n ^n'o^t 'm 



2 5 therein 



Human 5-HT,r receptor transfected NIH3T3 cells (estimated B„ax fi-om one point 
competition studies = 488 finol/mg of protein) were incubated in DMEM. 5 mM 
theophylline, 10 mM HEPES C4-[2-hydroxyethyI]-l.piperazineethanesulf!,nic acid) and 
1 0 nM pargyline for 20 minutes at 37°C, 5% COj . Drug dose-effect curves were then 
conducted by adding 6 different final concentrations of drug, followed immediately by the 
addition of forskolin (1 0 mM). Subsequently, the cells were incubated for an additional 
1 0 minutes at 37''C, 5% CO. . The medium was aspii^ted and the reaction was stopped 
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by the addition of 100 mM HCl. To demonstrate competitive antagonism, a dose- 
response curve for 5-HT was measured in parallel, using a fixed dose of methiothepin 
(0.32 ^iM). The plates were stored at 4°C for 1 5 minutes and then centrifuged for 5 
minutes at 500 x g to pellet cellular debris, and the supernatant was aliquoted and stored 
at '20^C before assessment of cAMP formation by radioimmunoassay (cAMP 
radioimmunoassay kit; Advanced Magnetics, Cambridge, MA). Radioactivity was 
quantified using a Packard COBRA Auto Gamma counter, equipped with data reduction 
software. Representative compounds of the present invention were tested and found to be 
agonists of the 5-HTif receptor in the cAMP assay described above. 

Protein extravasation assav 

The following test was performed to determine the ability of compounds of the 
present invention to inhibit protein extravasation, which test is also a functional assay for. 
the neuronal mechanism of migraine. 

Harlan Sprague-Dawley rats (225-325 g) or guinea pigs from Charles River 
Laboratories (225-325 g) were anesthetized with sodium pentobarbital intraperitoneally 
(65 mg/kg or 45 mg/kg respectively) and placed in a stereotaxic frame (David Kopf 
histruments) with the incisor bar set at -3.5 mm for rats or -4.0 mm for guinea pigs. 
Following a midline sagital scalp incision, two pairs of bilateral holes were drilled 
through the skull (6 mm posterially, 2.0 and 4.0 mm laterally in rats; 4 mm posteriorly 
and 3.2 and 5.2 mm laterally in guinea pigs, all coordinates referenced to bregma). Pairs 
of stainless steel stimulating electrodes, insulated except at the ends (Rhodes Medical 
Systems, Inc.), were lowered through the holes in both hemispheres to a depth of 9 mm 
(rats) or 10.5 mm (guinea pigs) from dura. 

The femoral vein was exposed and a dose of the test compound was injected 
intravenously (1 mL/kg). Approximately 7 minutes later, a 50 mg/kg dose of Evans Blue, 
a fluorescent dye, was also injected intravenously. The Evans Blue complexed with 
proteins in the blood and functioned as a marker for protein extravasation. Exactly 1 0 
minutes post-injection of the test compound, the left trigeminal ganglion was stimulated 
for 3 minutes at a current intensity of 1.0 mA (5 Hz, 4 msec duration) with a Model 273 
potentiostat/ galvanostat (EG&G Princeton Apphed Research). 
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Fifteen minutes following stimulation, the animals were killed and exsanguinated 
with 20 mL of saline. The top of the skull was removed to facilitate the collection of the 
dural membranes. The membrane samples were removed from both hemispheres, rinsed 
with water, and spread flat on microscopic slides. Once dried, the tissues were 
coverslipped with a 70% glycerol/water solution. 

A fluorescence microscope (Zeiss) equipped with a grating monchromator and a 
spectrophotometer was used to quantify the amount of Evans Blue dye in each sample. 
An excitation wavelength of approximately 535 nm was utilized and the emission 
intensity at 600 nm was determined. The microscope was equipped with a motorized 
stage and also interfaced with a personal computer. This facilitated the computer- 
controlled movement of the stage with fluorescence measurements at 25 points (500 mn 
steps) on each dural sample. The mean and standard deviation of the measurements were 
determined by the computer. 

The extravasation induced by the electrical stimulation of the trigeminal ganglion 
was an ipsilateral effect (i.e. occurs only on the side of the dura in which the trigeminal 
ganglion was stimulated). This allows the other (unstimulated) half of the dura to be used 
as a control. The ratio of the amount of extravasation in the dura from the stimulated side 
compared to the unstimulated side was calculated. Saline controls yielded a ratio of 
approximately 2.0 in rats and 1 .8 in guinea pigs, hi contrast, a compound which 
effectively prevented the extravasation in the dura from the stimulated side would have a 
ratio of approximately 1 .0. A dose-response curve was generated and the dose that 
inhibited the extravasation by 50% (ID50) was approximated. Representative compounds 
of the present invention were assayed by the above procedure and were found to 
significantly inhibit neuronal protein extravasation.Compounds of the present invention 
were efficatious in the neurogenic plasma protein extravasation migraine model. 

Rabbit Saphenous Vein Contractinn 

Representative compounds of the present invention were tested in a rabbit 
saphenous vein contraction assay to measure their ability to mediate vasoconstriction. 

Male New Zealand White rabbits (3-6 lbs) (Hazleton, Kalamazoo. MI) were 
sacrificed by a lethal dose of sodium pentobarbital (325 mg) injected into the ear vein. 
Tissues were dissected free of connective tissue, cannulated in situ with polyethylene 
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tubing (PE50, outside diameter = 0.97 mm) and placed in petri dishes containing modified 
Kreb's solution (described infra). The tips of two 30-gauge stainless steel hypodennic 
needles bent into an L-shape were slipped into the polyetylene tubing. Vessels were 
gently pushed from the camiula onto the needles. The needles were then separated so that 
the lower one was attached with thread to a stationary glass rod and the upper one was 
tied with thread to the tjansducer. 

Tissues were mounted in organ baths containing 10 mL of modified Krebs' 
solution of the following composition: 1 1 8.2 mMol NaCl, 4.6 mMol KCl, 1 .6 mMol 
CaCl2-H20, 1 .2 mMol KH2PO4, 1 .2 mMol MgS04, 1 0.0 mMol dextrose and 24.8 mMol 
NaHC03. Tissue bath solutions were maintained at 370C and aerated with 95% O2 and 
5% CO2. An initial optimum resting force of 1 gm was applied to the saphenous vein. 
Isometric contractions were recorded as changes in grams of force on a Beckman 
Dynograph with Statham UC-3 transducers and microscale accessory attachments 
Tissues were allowed to equilibrate 1 to 2 hours before exposure to drugs. Cumulative 
agonist concentration-response curves were generated in tissues and no tissue was used to 
generate more than two agonist concentration-response curves. Results are expressed as a 
mean EC50 and the maximal response expressed as a percentage of the maximal tissue 
contraction response to 67 mM KCl administered. initially to each tissue. 

This vasoconstriction assay measures two important parameter, saphenous vein 
contraction (EC50) and maximal contraction as a »/„ maximal KCl response KCl) 
The saphenous vein contraction (EC50) is a measure of the dose required to contract 
tissue to 50% of the maximal response that the specific compound is capable of 
mediating. The maximal response that the saphenous vein is capable of exhibiting is 
measured after administration of a high concentration (67 mM) of KCl. The % maximal 
KCl contraction is the ratio of the maximal response that the specific compound is 
capable of mediating divided by the maximal response that the tissue can produce upon 
stimulation with KCl. For purposes of this application, a compound maybe considered to 
not have significant vasoconstrictive activity if it produces a maximal contraction of less 
tlian or equal to 50/0 of the contraction produced by the 67 mM KCl positive control at 
compound concentrations of up to 1 00 ^iM. 

Representative compounds of the present invention were tested with the above 
saphenous vein assay and found to not be significantly vasoconstrictive. .All compound 
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Of the present invention had a %max KCI less than or equal to 10% in this assay. This 
contrasts greatly with prior art compounds for the treatment of migraine targeting the 
neural vasoconstrictive model for migraine treatment, which compounds were selected on 
the basis of strong vasoconstrictive activity, as for example, sumatriptan, which has 
EC50 of 0,66 mM and a KCI of 64.20 in this assay. 



an 



Selectivity for the S-HT.crep ftptnr 

Compounds of the prevent invention are relatively selective for the 5-HT,f 
receptor, particularly in comparison to other 5-HT receptor subtypes, specifically other 
receptors in the 5-HTi subclass, as for example, but without limitation, the 5-HTia, 
5-HT,B, 5-HTjD. and 5-HT,e receptor subtypes. Affinity for these other receptor subtypes 
can readily be determined by slight modification of the above described radioligand 
receptor binding assays using cells transfected with the desired receptor subtype in place 
of cells transfected with the 5-HT,f receptor subtype. The binding affinities of 
representative compounds of the present invention were determined by such assays and 
were found to be selective for the 5-HT,f receptor; that is the affinity of the compounds 
for the 5-HT,f receptor was on the whole, higher than for other receptor subtypes, 
particular for.the 5-HT,b and SrHTjo xeceplor subtypes. 

Specificity fadex 

The specificity of compounds of the present invention for 5-HT,f mediated 
inhibition of neuronal protein extravasation versus vasoconstrictive activity can be 
expressed with a Specificity hidex, which is the ratio of vasoconstriction to efficacy in 
inhibiting neuronal protein extravasation: 

Specificity Index = Corrected Vasoconstrictini i V.r. ^ ^ (|v^ 
Extravasation ID50 (mMol/kg) 

The Corrected Vasoconstriction takes into consideration the maximal contiaction 
relative to KCI for each individual compound, and is defined as the vasoconstriction 
EC50 value divided by the %m,x KCI. 
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For example, sumatriptan has a corrected vasoconstriction EC50 of 1 .03x 1 0"^ M 
(0.66 mM ECso + 64.20 KCl) and an extravasation inhibition ID50 of 2.6x10-8 
mMol/Kg, giving a Specificity Index of 0.40. 

Thus the procedure for determining the Specificity Index of any gi ven compound 
is as follows: 

1 . Measure the affinity of the compound for the 5-HT,f receptor using the 
radioligand binding method described above; 

2. Once affinity for the 5-HT,f receptor is established, detemiine whether the 
compound is an agonist, partial agonist or antagonist of the S-HT.f receptor by its 
response in the above described cAMP assay; 

3. If the compound is shown to be an agonist or partial agonist with an Emax of at 
least about 50%, measure efficacy of the compound in inhibition of protein extravasation 
and saphenous vein contraction using the above described assays; and 

4. Calculate the Specificity Index as shown above. 

While compounds with a Specificity hidex greater than 1 are useful for the 
methods and uses of the present invention, larger values for the Specificity Index are 
preferred. A larger Specificity Index indicates greater specificity for efficacy in inhibition 
of neuronal protein extravasation over vasoconstriction. Thus, preferred compounds have 
a Specificity Index of greater than or equal to 10 (at least 1 0), preferably greater than or 
equal to 1 00 (at least 1 00). More preferred compounds have a Specificity Index of greater 
than or equal to 1 000 (at least 1 000), and yet more preferred compounds have Specificity 
Indexes greater than or equal to 5000 (at least 5000). 

Pharmaceutical Compositions 

The type of phannaceutical composition used for the administration of the 
compounds employed in the methods of the present invention maybe dictated by the 
particular compounds selected, the type of pharmacokinetic profile desired from the route 
of administration, and the state of the patient. 

Pharmaceutical compositions amenable to oral, sublingual, nasal or injectable 
administration are prepared in a manner well known in the phaimaceutical art and 
comprise at least one active compound. See, e.g., REMINGTON'S PHARMACEUTICAL 
SaENCES, (16th ed. 1980) 
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In general, a pharmaceutical composition of the present invention includes an 
active ingredient (a compound of fonnula D and is usually mixed with an excipient 
diluted by an excipient or enclosed within such a earner which can be in the fonn of a 
capsule, sachet, p^er or other container. When the excipient serves as a diluent, it can be 
a sohd. semi-solid, or liquid n^aterial, which acts as a veWcle, caxrier or medium for the 
active ingredient. TT^us, the pharmaceutical compositions can be in the fonn of tablets 
pills, powders, lozenges, sachets, cachets, elixirs, suspensions, emulsions, solutions 

r"'' ' " " ' -a-pll np 
to 10/0 by weight of the active compound, soft and hard gelatin capsules, gels 
suppositories, sterile injectable solutions, and sterile packaged powders. 

In preparing a pham^aceutical composition, it may be necessaiy to mill the active 
compound to provide the appropriate particle size prior to combining with the other ■ 
iBgredients. If the active compound is substantially insoluble, it ordinarily is milled to a 
particle Size of less than 200 mesh. If the active compound is substantially water soluble 
the particle size is normally adjusted by milling to provide a substantially uniform 
dis^bution in the phannaceutical composition, e.g., about 40 mesh. Jn one embodiment 
of the present invention, the particle size range is between about 0.1 ^un to about 1 00 pm 
Some examples of suitable excipients include lactose, dextrose, sucrose, sorbitol 
xnannitol. stashes, gum acacia, calcium phosphate, alginates, tragacanth. gelatin, calcium 
sihcate. microcrystalline cellulose, polyvinylpyn-olidone, cellulose, water, synq, and 
methyl cellulose. The pharmaceutical compositions can additionally include: lubricating 
agents such as talc, magnesium stearate, and minei^ oil; wetting agents; emulsifying and 
suspending agents; preserving agents such as methyl- and propylhydroxybenzoates- 
sweetenmg agents; and flavoring agents. The compounds of ti,e invention can be ' 
fomiulated so as to provide quick, sustained or delayed release of the active ingredient 
after administration to the patient by employing procedures known in the art 

While it is possible to administer a compound employed in the methods of this 
invention directly without any fonnulation. the compounds are usually administered in the 
fonn of pharmaceutical compositions comprising a phannaceutically acceptable excipient 
and at least one active ingredient. These fonnulations can be administered by a variety of 
routes including oral, buccal, rectal, inti^asal. ti-ansdennal. subcutaneous, intravenous 
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inlramuscular, and intranasal. Many of the compounds employed in the methods of this 
invention are effective as both injectable and oral compositions. 

In order to administer transdermally, a transdermal delivery device ("patch") is 
needed. Such transdermal patches may be used to provide continuous or discontinuous 
infusion of a compound of the present inverition in controlled amounts. The construction 
and use of transdermal patches for the delivery of phannaceutical agents is well known in 
the art. See, e.g., U.S. Patent No. 5,023,252. Such patches may be constructed for 
continuous, pulsatile, or on demand delivery of pharmaceutical agents. 

Frequently, it will be desirable or necessary to introduce the pharmaceutical 
composition to the brain, either directly or indirectly. Direct techniques usually involve 
placement of a drug delivery catheter into the host's ventricular system to bypass the 
blood-brain barrier. One such implantable delivery system, used for the transport of 
biological factors to specific anatomical regions of the body, is described in U.S. Patent 
5,01 1,472, which is herein incorporated by reference. The delivery of hydrophilic drugs 
may be enhanced by intra-arteiial infusion of hypertonic solutions which can transiently 
open the blood-brain barrier. 

In one preferred embodiment of the present invention, there is provided a 
phannaceutical composition comprising at lest one compound as described above in a 
phannaceutical composition adapted for buccal and/or sublingual, or nasal administration. 
This embodiment provides administration of the active compound in a manner that avoids 
gastric complications, such as first pass metabolism by the gastric system and/or through 
the liver. This administration route may also reduce adsorption times, providing more 
rapid onset of therapeutic benefit. The compounds of the present invention may provide 
particularly favorable solubility profiles to facilitate sublingual/buccal phannaceutical 
compositions. Such pharmaceutical compositions typically require relatively high 
concentrations of active ingredients to deliver sufficient amounts of active ingredients to 
the limited surface area of the sublingual^uccal mucosa for the relatively short durations 
the phannaceutical composition is in contact with the surface area, to allow the absoiption 
of tlie active ingredient. Thus, the very high activity of the compounds of the present 
invention facilitate their suitability for sublingual/buccal phannaceutical compositions. 

A compound of fomiula I is preferably fonnulated in a unit dosage fonn, each 
dosage containing from about 0.001 to about 100 mg, more usually about 1.0 to about 30 
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mg. of the active ingredient. The tenn "unit dosage fonn" refers to physically discrete 
units suitable as unitary dosages for human subjects and other mammals, each unit 
containing a predetermined quantity of active material calculated to produce the desired 
therapeutic effect, in association with a suitable pharmaceutical excipient as described 
above. 

The compounds of the present invention are generally effective over a wide 
dosage range. For examples, dosages per day normally fall within the range of about 
0.0001 to about 30 mg/kg of body weight. In the treatment of adult humans, the range of 
about 0.1 to about 15 mg/kg/day, in single or divided dose, is especially preferred. 
However, it will be understood that the amount of the compound actually administered 
will be determined by a physician, in the light of the relevant circumstances, including the 
condition to be treated, the chosen route of administration, the actual compound or 
compounds administered, the age, weight, and response of the individual patient, and the 
severity of the patient's symptoms, and therefore the above dosage ranges are not intended 
to limit the scope of the invention in any way. Li some instances dosage levels below the 
lower limit of the aforesaid range may be more than adequate, while in other cases still 
larger doses may be employed without causing any harmful side effect, provided that such 
larger doses are fnst.divided intasev.eraLsmaUerjdo.sea for administration, throughout the 
day. 
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